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Abstract
As software transforms our world, it has become increasingly impor-
tant to educate the next generation about the fundamental importance
of Computer Science. As a result new Computer Science (CS) curric-
ula are being introduced at secondary school level in education sys-
tems around the world and new cohorts of teachers are undertaking
professional development in CS in preparation for delivery of these pro-
grammes in schools. Compared to other subject areas, professional
development (PD) in CS faces the challenge that most teachers in this
domain are out-of-field teachers, meaning that they qualified in one
subject area but are requested to teach another subject in which they
are not qualified. Also, there are fewer development efforts and studies
in this domain unlike other subject areas. It is widely acknowledged
that self-efficacy plays an important role in teacher professional perfor-
mance and achievement. Teacher’s self-efficacy can also impact their
instructional practices in the classroom and the academic progress of
their students. The goals of this thesis are to 1) Investigate teacher
self-efficacy to teach learning outcomes in a new CS curriculum 2) In-
vestigate teacher self-efficacy levels around their use of tools and tech-
nologies and 3) Investigate the relationship between teacher self-efficacy
to teach a new CS curriculum and their use of teaching and assessment
strategies in the classroom. This study describes the development and
implementation of an instrument that measures secondary school teach-
ers’ self-efficacy to teach a new CS curriculum in the context of a PD
for CS programme. The instrument was administered to two cohorts
of teachers over a three year period. The importance of teacher self-
efficacy is widely acknowledged in the literature and the results of this
study indicate that teachers’ self-efficacy increased over the course of
the PD programme. This research contributes to the body of knowl-
edge on measuring teacher self-efficacy to teach a new CS curriculum in
the context of a CS PD programme in lower secondary schools, which
is acknowledged as a under-researched area in CS education research.
The results provide evidence on: teachers’ self efficacy to teach a new
CS curriculum; the relationship between teachers’ self-efficacy and the
use of teaching strategies in the classroom; the relationship between
teachers’ self-efficacy and the use of assessment strategies in the class-
room.
Declaration
I herewith declare that I have produced this paper without the prohib-
ited assistance of third parties and without making use of aids other
than those specified; notions taken over directly or indirectly from other
sources have been identified as such. This paper has not previously
been presented in identical or similar form to any other Irish or foreign
examination board.
The thesis work was conducted from 2015 to 2021 under the supervision




I would first like to thank my supervisors Dr. Chris Exton and Prof
Mike Hinchey for guiding me though this process. Thank you Chris for
your early stage encouragement in starting this endeavour and helping
me to keep it going. Thank you Mike for your ongoing encouragement
and positivity.
I would like to thank my external examiners, Dr. Brett Becker and
Dr. Frank Glavin for their valuable corrections and suggestions for this
thesis. I would also like to thank Dr. Kerry Hagan for organising and
chairing my PhD viva.
Thanks to my colleagues in Lero/CSIS in UL. To Brian Fitzgerald and
Joe Gibbs for your support in this endeavour, to my colleague and friend
Susan Mitchell for your great sense of humour and help along the way.
Thanks to Dr. Faeq Alrimawi for guiding me towards TexStudio and
latex and for the formatting tips - I will never turn back. Thanks so
much to Prof Ita Richardson for providing feedback on an early draft -
it was much appreciated.
This work was supported, in part, by Science Foundation Ireland grant
13/RC/2094 and co-funded under the European Regional Development
Fund through the Southern & Eastern Regional Operational Programme
to Lero - the Science Foundation Ireland Research Centre for Software
(www.lero.ie).
Thanks to my JCT buddies Mike, John, Barry, Conor, Tadhg, Gwen,
Christine, Bernie, Suzanne and Anne - you are the drivers of Computer
Science change in Ireland! Please keep it up. Thanks to all the teachers
that participated in this research study.
Thanks to my fantastic parents PJ and Josephine and to my siblings
David, Meadhbh and Celine, thank you for all the encouragement and
Nike attitude!
Thank you Martin for everything and in particular for keeping the show
on the road and looking after our sons Dara and Louis over the last 12
months. Roll on the summer of 2021!
Contents
List of Tables viii
List of Figures xi
1 Introduction 1
1.1 Context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Rationale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Aims and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.5 Research Contribution . . . . . . . . . . . . . . . . . . . . . . . . 6
1.6 Thesis Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.7 Publications and Reports . . . . . . . . . . . . . . . . . . . . . . . 7
2 Context 9
2.1 The Irish Education System . . . . . . . . . . . . . . . . . . . . . 10
2.2 SFI Research Centres . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.3 Terminology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.4 Computer Science in Ireland . . . . . . . . . . . . . . . . . . . . . 13
2.5 Junior Cycle Reform . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.6 Collaboration with JCT . . . . . . . . . . . . . . . . . . . . . . . 17
3 A Review of Literature 19
3.1 Self-efficacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
iii
CONTENTS
3.2 Measuring Self-Efficacy . . . . . . . . . . . . . . . . . . . . . . . . 21
3.3 Teacher Professional Development (PD) . . . . . . . . . . . . . . 24
3.4 CS PD and Teacher Self-Efficacy . . . . . . . . . . . . . . . . . . 27
3.5 Teaching Strategies/Approaches . . . . . . . . . . . . . . . . . . . 32
3.6 Formative Assessment Strategies . . . . . . . . . . . . . . . . . . . 34
3.7 Issues Emerging from the Literature . . . . . . . . . . . . . . . . . 38
4 Methodology 42
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
4.2 Context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
4.3 Philosophy/World View . . . . . . . . . . . . . . . . . . . . . . . 44
4.4 Research Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
4.5 Research Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
4.5.1 Instrument Design . . . . . . . . . . . . . . . . . . . . . . 48
4.5.2 Population and Sample . . . . . . . . . . . . . . . . . . . . 55
4.6 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
4.7 Validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
4.8 Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
4.9 Ethics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
4.10 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
5 Data Analysis and Results 62
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
5.2 Phase 1 Cohort 1 Data Collection and Analysis . . . . . . . . . . 66
5.2.1 Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
5.2.2 Self-Efficacy to Teach Learning Outcomes . . . . . . . . . 66
5.2.2.1 Teacher background information - Phase 1 . . . . 67
5.2.2.2 What aspects of the curriculum do teachers have
most confidence teaching? . . . . . . . . . . . . . 67
iv
CONTENTS
5.2.2.3 What aspects of the curriculum do teachers have
least confidence teaching? . . . . . . . . . . . . . 68
5.2.2.4 How do confidence levels change over the course
of the PD? . . . . . . . . . . . . . . . . . . . . . 70
5.2.3 Self-Efficacy and Tools and Technologies . . . . . . . . . . 72
5.2.3.1 What tools and technologies are teachers most
confident using effectively? . . . . . . . . . . . . . 73
5.2.3.2 What tools and technologies are teachers least
confident using effectively? . . . . . . . . . . . . . 74
5.2.3.3 How does this confidence level change over the
course of the PD? . . . . . . . . . . . . . . . . . 75
5.2.4 Self-Efficacy Scores . . . . . . . . . . . . . . . . . . . . . . 78
5.2.4.1 How do confidence level scores change over the
course of the PD? . . . . . . . . . . . . . . . . . 79
5.2.4.2 How do confidence level scores relate to each other? 80
5.2.5 Teaching Strategies/approaches . . . . . . . . . . . . . . . 82
5.2.5.1 How do Teaching Strategies/Approaches change
during the PD programme? . . . . . . . . . . . . 83
5.2.5.2 How do Teaching Strategies/Approaches relate to
each other? . . . . . . . . . . . . . . . . . . . . . 88
5.2.5.3 How do Confidence Level Scores relate to Teach-
ing Strategies/Approaches? . . . . . . . . . . . . 89
5.2.6 Assessment Strategies . . . . . . . . . . . . . . . . . . . . 90
5.2.6.1 How do Assessment Strategies change during the
PD programme? . . . . . . . . . . . . . . . . . . 91
5.2.6.2 How do Assessment Strategies relate to each other? 95
5.2.6.3 How do Confidence Level Scores relate to Assess-
ment Strategies? . . . . . . . . . . . . . . . . . . 97
5.3 Phase 2 Cohort 2 Data Collection and Analysis . . . . . . . . . . 99
v
CONTENTS
5.3.1 Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.3.2 Self-Efficacy to Teach Learning Outcomes . . . . . . . . . 100
5.3.2.1 Teacher background information - Phase 2 . . . . 100
5.3.2.2 What aspects of the curriculum do teachers have
most confidence teaching? . . . . . . . . . . . . . 101
5.3.2.3 What aspects of the curriculum do teachers have
least confidence teaching? . . . . . . . . . . . . . 102
5.3.2.4 How do confidence levels change over the course
of the PD? . . . . . . . . . . . . . . . . . . . . . 103
5.3.3 Self-Efficacy and Tools and Technologies . . . . . . . . . . 106
5.3.3.1 What tools and technologies are teachers most
confident using effectively? . . . . . . . . . . . . . 106
5.3.3.2 What tools and technologies are teachers least
confident using effectively? . . . . . . . . . . . . . 107
5.3.3.3 How does this confidence level change over the
course of the PD? . . . . . . . . . . . . . . . . . 108
5.3.4 Self-Efficacy Scores . . . . . . . . . . . . . . . . . . . . . . 111
5.3.4.1 How do confidence level scores change over the
course of the PD? . . . . . . . . . . . . . . . . . 111
5.3.4.2 How do confidence level scores relate to each other?113
5.3.5 Teaching Strategies/Approaches . . . . . . . . . . . . . . . 116
5.3.5.1 How do Teaching Strategies/Approaches change
during the PD programme? . . . . . . . . . . . . 116
5.3.5.2 How do Teaching Strategies/Approaches relate to
each other? . . . . . . . . . . . . . . . . . . . . . 122
5.3.5.3 How do Confidence Level Scores relate to Teach-
ing Strategies/Approaches? . . . . . . . . . . . . 123
5.3.6 Assessment Strategies . . . . . . . . . . . . . . . . . . . . 124
vi
CONTENTS
5.3.6.1 How do Assessment Strategies change during the
PD programme? . . . . . . . . . . . . . . . . . . 125
5.3.6.2 How do Assessment Strategies relate to each other?130
5.3.6.3 How do Confidence Level Scores relate to Assess-
ment Strategies? . . . . . . . . . . . . . . . . . . 130
6 Discussion 133
6.1 Self-Efficacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
6.1.1 Most confidence . . . . . . . . . . . . . . . . . . . . . . . . 137
6.1.2 Least confidence . . . . . . . . . . . . . . . . . . . . . . . . 139
6.1.3 Change in Confidence . . . . . . . . . . . . . . . . . . . . . 141
6.2 Self-efficacy and Teaching Strategies/Approaches . . . . . . . . . 142
6.3 Self-efficacy and Assessment Strategies . . . . . . . . . . . . . . . 146
7 Conclusions 149
7.1 Research Aims . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
7.2 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
7.3 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
7.4 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Appendix A: Phase 1 Survey 170
Appendix B: Phase 2 Survey 184




4.1 Phase 1 Timeline and Response Rate . . . . . . . . . . . . . . . . 43
4.2 Phase 2 Timeline and Response Rate . . . . . . . . . . . . . . . . 44
4.3 Group 1 and Group 2 Predictor and Outcome Variables . . . . . . 47
5.1 Phase 1: PD Content Year 1 . . . . . . . . . . . . . . . . . . . . . 63
5.2 Phase 1: PD Content Year 2 . . . . . . . . . . . . . . . . . . . . . 64
5.3 Phase 2: PD Content Year 1 . . . . . . . . . . . . . . . . . . . . . 65
5.4 Reliability Analysis using Cronbach’s Alpha for Phase 1 Pre and
Post test data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
5.5 Percentage increase in confidence levels for non-paired data . . . . 71
5.6 Wilcoxen signed ranks test results for confidence levels between
the start and end of the PD programme for paired data (N=17) . 72
5.7 Percentage increase in confidence levels for paired data . . . . . . 73
5.8 Percentage increase in confidence levels for technology and tools . 76
5.9 Percentage increase in confidence levels for technology and tools
for paired data . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
5.10 Wilcoxen signed ranks test results for Tools and Technologies be-
tween the start and end of the PD programme for paired data
(N=17) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
5.11 Wilcoxen signed ranks test results for Confidence Scores between
the start and end of the PD programme for paired data (N=17) . 80
viii
LIST OF TABLES
5.12 Spearman’s rank order correlation at the start of the PD pro-
gramme (N=17;*=correlation significant at p<0.05;**=correlation
significant at p<0.01;) . . . . . . . . . . . . . . . . . . . . . . . . 81
5.13 Spearman’s rank order correlation at the end of the PD programme
(N=17;*=correlation significant at p<0.05;**=correlation signifi-
cant at p<0.01;) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
5.14 Spearman’s rank order correlation for teaching strategies/approaches
at the end of the PD programme (N=17;*=correlation significant
at p<0.05;**=correlation significant at p<0.01;) . . . . . . . . . . 89
5.15 Spearman’s rank order correlation for confidence level scores and
the use of CT strategies in the classroom at the end of the PD
programme (N=17;*=correlation significant at p<0.05;) . . . . . . 90
5.16 Spearman’s rank order correlation for assessment approaches at
the end of the PD programme (N=17;*=correlation significant at
p<0.05;**=correlation significant at p<0.01;) . . . . . . . . . . . 96
5.17 Spearman’s rank order correlation for confidence level scores and
the use of CT strategies in the classroom at the end of the PD
programme (N=17;*=correlation significant at p<0.05;) . . . . . . 98
5.18 Reliability Analysis using Cronbach’s Alpha for Phase 2 Pre and
Post test data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.19 Phase 2 Number of years teaching . . . . . . . . . . . . . . . . . . 100
5.20 Phase 2 subjects taught . . . . . . . . . . . . . . . . . . . . . . . 101
5.21 Percentage increase in confidence levels for non-paired data . . . . 105
5.22 Wilcoxon signed ranks test results for confidence levels between
the start and end of the PD programme for paired data (N=71) . 105
5.23 Percentage increase in confidence levels for paired data . . . . . . 106
5.24 Percentage increase in confidence levels for technology and tools . 109
5.25 Percentage increase in confidence levels for technology and tools
for paired data . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
ix
LIST OF TABLES
5.26 Wilcoxen signed ranks test results for Tools and Technologies be-
tween the start and end of the PD programme for paired data
(N=71) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
5.27 Wilcoxen signed ranks test results for Confidence Scores between
the start and end of the PD programme for paired data (N=71) . 113
5.28 Spearman’s rank order correlation at the start of the PD pro-
gramme (N=71;*=correlation significant at p<0.05;**=correlation
significant at p<0.01;) . . . . . . . . . . . . . . . . . . . . . . . . 114
5.29 Spearman’s rank order correlation at the end of the PD programme
(N=71;*=correlation significant at p<0.05;**=correlation signifi-
cant at p<0.01;) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
5.30 Wilcoxon signed ranks test for use of Teaching Strategies/Ap-
proaches between the start and end of the PD programme for
paired data (N=71) . . . . . . . . . . . . . . . . . . . . . . . . . . 121
5.31 Spearman’s rank order correlation for teaching strategies/approaches
at the end of the PD programme (N=71;*=correlation significant
at p<0.05;**=correlation significant at p<0.01;) . . . . . . . . . . 123
5.32 Spearman’s rank order correlation for confidence level scores and
the use of teaching strategies in the classroom at the end of the
PD programme (N=71;*=correlation significant at p<0.05;) . . . 124
5.33 Wilcoxon signed ranks test for use of Formative Assessment Strate-
gies between the start and end of the PD programme for paired
data (N=71) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
5.34 Spearman’s rank order correlation for assessment approaches at
the end of the PD programme (N=71;*=correlation significant at
p<0.05;**=correlation significant at p<0.01;) . . . . . . . . . . . 131
5.35 Spearman’s rank order correlation for confidence level scores and
the use of assessment strategies in the classroom at the end of the
PD programme (N=71;*=correlation significant at p<0.05;) . . . 132
x
List of Figures
3.1 Guskey Model of Teacher Change (Guskey, 2000, p. 139) . . . . . 25
3.2 Desimone’s Conceptual Framework for PD (Desimone, 2009, p. 185) 26
4.1 Creswell Framework for Research - The Interconnection of World-
views, Design, and Research Methods (Creswell, 2002, p. 43) . . . 43
5.1 Learning Outcome confidence change for non-paired data . . . . . 69
5.2 Learning Outcome confidence change for paired data . . . . . . . 70
5.3 Tools/Technologies confidence change for non-paired data . . . . . 76
5.4 Tools/Technologies confidence change for paired data . . . . . . . 77
5.5 How often teachers use unplugged type activities in the classroom 85
5.6 How often teachers use contextualisation of tasks in the classroom 85
5.7 How often teachers use collaborative learning in the classroom . . 86
5.8 How often teachers use a teaching approach to develop computa-
tional thinking in the classroom . . . . . . . . . . . . . . . . . . . 86
5.9 How often teachers use a teaching approach to scaffold program-
ming tasks in the classroom . . . . . . . . . . . . . . . . . . . . . 87
5.10 How often teachers use sharing learning intentions assessment strat-
egy in the classroom . . . . . . . . . . . . . . . . . . . . . . . . . 92
5.11 How often teachers use developing success criteria assessment strat-
egy in the classroom . . . . . . . . . . . . . . . . . . . . . . . . . 93
xi
LIST OF FIGURES
5.12 How often teachers use student reflecting on their learning assess-
ment strategy in the classroom . . . . . . . . . . . . . . . . . . . . 93
5.13 How often teachers use effective questioning assessment strategy
in the classroom . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
5.14 How often teachers use formative feedback assessment strategy in
the classroom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
5.15 How often teachers use peer and self assessment strategy in the
classroom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
5.16 Learning Outcome confidence change for non-paired data . . . . . 103
5.17 Learning Outcome confidence change for paired data . . . . . . . 104
5.18 Tools/Technologies confidence change for non-paired data . . . . . 108
5.19 Tools/Technologies confidence change for paired data . . . . . . . 110
5.20 How often teachers use unplugged type activities in the classroom 117
5.21 How often teachers use contextualisation of tasks in the classroom 118
5.22 How often teachers use collaborative learning in the classroom . . 119
5.23 How often teachers use a teaching approach to develop computa-
tional thinking in the classroom . . . . . . . . . . . . . . . . . . . 119
5.24 How often teachers use a teaching approach to scaffold program-
ming tasks in the classroom . . . . . . . . . . . . . . . . . . . . . 120
5.25 How often teachers use sharing learning intentions assessment strat-
egy in the classroom . . . . . . . . . . . . . . . . . . . . . . . . . 126
5.26 How often teachers use developing success criteria assessment strat-
egy in the classroom . . . . . . . . . . . . . . . . . . . . . . . . . 126
5.27 How often teachers use student reflecting on their learning assess-
ment strategy in the classroom . . . . . . . . . . . . . . . . . . . . 127
5.28 How often teachers use effective questioning assessment strategy
in the classroom . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
5.29 How often teachers use formative feedback assessment strategy in
the classroom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
xii
LIST OF FIGURES
5.30 How often teachers use peer and self assessment strategy in the




Software is transforming our world. Computer Science (CS) is at the heart of
this transformation. Getting the broader population to understand this is a huge
challenge in today’s society. While people’s lives are consumed with technology,
many do not understand the complexity and power of the software systems at
their fingertips. There is also a lack of IT graduates worldwide with demand
far exceeding supply. Large software companies have difficulty filling well paid
positions on a global scale.
To address these challenges, new primary and secondary school Computer Sci-
ence curricula have been recently introduced in a number of countries (ACARA,
2014; Bell et al., 2014; Brown et al., 2014; Furber, 2012; NCCA, 2018). CS curric-
ula have been offered for many years in other countries (Dagiene and Stupuriene,
2016; Gal-Ezer et al., 2009; Rolandsson and Skogh, 2014; Seehorn et al., 2011).
Introducing new CS curricula involves preparing teachers, through professional
development (PD) programmes, to offer CS curricula.
What distinguishes CS professional development from professional develop-
ment for other subjects is that most teachers in this domain are out-of-field
teachers, teachers qualified in one subject area but requested to teach another
subject in which they are not qualified. Another factor that distinguishes Com-
puter Science professional development from other subjects globally is, due to
1
1.1 Context
its optional status in most countries (Hubwieser, 2012; Hubwieser et al., 2015),
we have fewer professional development efforts and studies in this domain unlike
professional development studies in other subjects (Menekse, 2015).
It is acknowledged that confidence is an essential element of teacher profes-
sional performance. Bandura’s self-efficacy theory (Bandura, 1977, 1993) states
that an individual’s certainty in his or her own capabilities leads to positive in-
teractions with his or her environments. The positive influence that self-efficacy
has on performance and achievement has been well established (Pajares, 1996,
1997). Teachers’ self-efficacy beliefs have also been related to their instructional
practices and the academic progress of their students (Tschannen-Moran et al.,
1998). However, there has been a dearth of research on teachers’ self-efficacy in
teaching CS in secondary schools (Zhou et al., 2020).
1.1 Context
In the Irish Education system, the Framework for Junior Cycle (lower secondary
level) was introduced to set out a clear vision for the evolution of teaching,
learning and assessment practices at lower secondary level in 2015. The frame-
work places “the students at the centre of the learning process and envisages a
modernised curriculum across all subjects” (Department of Education and Skills,
2015).
The Minister for Education and Skills committed to ensuring that professional
time and resources would be made available to teachers to implement the new
framework. To allow schools greater flexibility in their delivery of the Junior
Cycle programme, schools have the option of offering students short courses.
Each short course requires 100 hours of student engagement over a three year
period. The short courses allow schools to broaden the learning experiences of
students, address their interests and encompass areas of learning not covered by
subjects on offer in the school. Schools have the option of developing their own
2
1.2 Rationale
short courses or they may use short courses developed by the National Council
for Curriculum and Assessment (NCCA).
I was commissioned by the NCCA to write a short course in Computer Science
titled “Short Course in Coding” in 2013 as one of seven commissioned short
courses in new areas of learning. The short course was made available to all
schools in Ireland in 2014 and the three strands are listed in Appendix A.
In 2015, I was approached by the Junior Cycle for Teachers (JCT) to collab-
orate and develop a professional development programme in CS for teachers for
this short course. The Junior Cycle for Teachers (JCT) is a dedicated continuing
professional development (CPD) support service of the Department of Education
and Skills. It is in the context of the development and roll-out of this professional
development programme for CS that this research study is conducted.
1.2 Rationale
The rationale for this study, conducted over a four year period (2016-2020)
was grounded in the researchers experience of introducing coding into secondary
schools. I had developed and rolled out a comprehensive Scratch programme 1 in-
cluding development of materials and delivery of PD for teachers, in my capacity
as Education and Public Engagement Manager in Lero - the SFI Research Cen-
tre for Software, since the establishment of Lero in 2005. With the emergence
of a new CS curricula in our educational system, the time seemed opportune
to conduct research in the field of teachers’ self-efficacy in the context of a PD
programme for CS at lower secondary school level in Ireland.
As the CS curriculum was being rolled out for the first time in our country,
not only did the measures provide us with insights into the correlation between
teachers’ self-efficacy levels to teach a CS curriculum and their use of teaching and
assessment strategies, but these measurements also allowed us to gain a greater
1http://www.scratch.ie
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insight into the design and efficacy of the PD programme. These measurements
allow us to adapt and modify PD content to meet teacher’s needs.
1.3 Aims and Objectives
The purpose of this research is to measure teachers’ confidence levels to teach
a new CS curriculum and measure how these confidence levels change over time
while participating on a CS PD programme. In particular this work aims to:
 Investigate teacher confidence levels to teach learning outcomes in a new CS
curriculum
 Investigate teacher confidence levels around their use of tools and technolo-
gies
 Investigate the relationship between teacher confidence levels to teach a new
CS curriculum and their use of teaching and assessment strategies in the
classroom
Each area of investigation contains several research questions, which are out-
lined here:
 Research Question 1: What are the changes in teacher self-efficacy to teach
learning outcomes after attending a CS teacher PD programme?
 Research Question 2: What are the changes in teacher self-efficacy to effec-
tively use tools and technology after attending a CS teacher PD programme?
 Research Question 3: What are the changes and correlations between teacher
self-efficacy scores?
 Research Question 4: How do the changes in teacher self-efficacy relate to
their use of teaching strategies?
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 Research Question 5: How do the changes in teacher self-efficacy relate to
their use of assessment strategies?
Learning outcomes are statements in the CS curriculum specification “to de-
scribe the knowledge, understanding, skills and values students should be able
to demonstrate after a period of learning” (Department of Education and Skills,
2015).
1.4 Methodology
This study is a quantitative correlational survey that focuses on the measurement
of teachers’ self-efficacy within the context of a CS for PD programme. Two co-
horts of approximately 220 teachers were involved in this study over a three year
period. The PD programme took place in five different locations around the
country. According to Creswell (2002, pg. 49), survey research provides a nu-
meric or quantitative description or trends, attitudes, or opinions of a population
by studying a sample of that population, and the approach includes the intention
of generalizing from a sample to a population (Fowler Jr, 2013). One approach
to quantitative design is the use of experiments. Another is non-experimental
design. Then within non-experimental design a causal-comparative approach can
be used to compare two or more groups in terms of a cause. Another type of
non-experimental research is correlational design. This involves the use of corre-
lational statistics to describe and measure the relationship between two or more
variables or sets of scores (Creswell, 2002). While quantitative research design
is often associated with large scale research, it can also be used for smaller scale
investigations such as correlational research (Crotty, 1998). This quantitative
correlational survey approach was the preferred approach as the survey develop-
ment and distribution was aligned with the delivery of the first ever PD for CS at
lower secondary level in Ireland. Following an extensive literature review around
teacher education in Computer Science, professional development and measure-
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ment of self-efficacy of teacher PD, a questionnaire was developed in collaboration
with Junior Cycle for Teachers (JCT) which was closely aligned to the new CS
curriculum. The questionnaire was administered to schools that participated in
the PD programme during 2017-2019. The Phase 1 questionnaire was revised
following the analysis of the data before being administered in Phase 2 of the
research. Phase 2 of the research was completed during 2019-2020.
1.5 Research Contribution
This study is conducted in the context of the implementation and roll-out of a new
CS curriculum at lower secondary level schools in Ireland. The study measures
teacher’s self-efficacy to teach a CS curriculum at lower secondary level. The
thesis makes four key contributions to the fields of CS professional development
programmes for secondary school teachers.
1. This research contributes to the body of knowledge on measuring teacher self-
efficacy to teach a new CS curriculum in the context of a CS PD programme
in secondary schools, which is acknowledged as a under-researched area in
CS education research (Faherty et al., 2021; Zhou et al., 2020)
2. Results provide information on what aspects of the CS curriculum in ques-
tion are difficult and easy to teach, which feed into the PD design process
3. This research provides evidence on the correlation between teacher’ self effi-
cacy to teach a new CS curriculum and the use of teaching strategies in the
classroom
4. This research provides evidence on the correlation between teacher’ self effi-





The remaining chapters of this dissertation are as follows:
Chapter Two provides an overview of the context in which the research is posi-
tioned. This chapter explains the Irish Educational System and the introduction
of CS in formal education in the school system, in particular the introduction of
the CS curriculum as part of the Junior Cycle Reform.
Chapter Three reviews existing work related to the contributions of this thesis,
and identifies gaps and research questions emerging from this review.
Chapter Four introduces the methodology literature and outlines the research
design, methods used and data analysis. Issues of validity, reliability and ethics
are addressed.
Chapter Five presents the data analysis and results for Phase 1 and Phase 2
of the research study for two different cohorts of teachers Cohort 1 and Cohort
2.
Chapter Six discusses the findings in detail for each of the two phases of
research.
Chapter Seven summarises and concludes the thesis, outlines the contribution
and limitations and suggests potential directions for future work.
Relevant documents and materials (information/consent form for participants,
questionnaires) are provided in the Appendix at the end of this dissertation.
1.7 Publications and Reports
The following publications and reports are resulting directly from this research
work.
The results of the Phase 1 survey were presented in McInerney et al. (2020).
Fleming and McInerney (2019) present findings of the Phase 1 Coding in
Action Project which took place between 2017 and 2019.
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McInerney and Carey (2018) present findings of the Exploring Coding Project,
an initial one-year pilot project that served as a pre-cursor to the Coding in Action
Project.
The following relevant publications are resulting from work completed outside
the scope of this research.
This includes work conducted around introducing a computing curricula in
Irish context is presented in McInerney et al. (2009) and McInerney (2010).
Prior work on computing camps that we ran with girls, through Google RISE
funding, are documented in McInerney et al. (2017) and Lamprecht et al. (2016).
This paper titled “What about the Gatekeepers? School principals’ and school
guidance counsellors’ attitudes towards Computer Science in secondary schools”,




In today’s world, computing has become ubiquitous. This had led to the un-
precedented introduction of CS curricula worldwide over the last 10 years. New
primary and secondary school Computer Science (CS) curricula have been re-
cently introduced in a number of countries such as Australia (ACARA, 2014),
New Zealand (Bell et al., 2014) and the UK (Brown et al., 2014; Furber, 2012).
Researchers have documented this journey of how the new CS curricula are for-
mulated and introduced. We strive to learn from countries where CS curricula
have been offered for many years such as Israel (Gal-Ezer et al., 2009), the US
(Seehorn et al., 2011) and Lithuania (Dagiene and Stupuriene, 2016). Regard-
less of the pace of the introduction in other countries, there is no denying the
excitement and promise the introduction the new CS curricula brings to us in Ire-
land. This chapter will provide details about context in Ireland so that the reader
can understand the environment into which these changes are being introduced.
Let us first consider the gatekeeper of change, the Department of Education and
Skills.
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2.1 The Irish Education System
The Department of Education and Skills is responsible for education and train-
ing. Its mission is to facilitate individuals through learning, to achieve their full
potential and contribute to Ireland’s social, cultural and economic development.
In Ireland, education is compulsory for all children aged between 6 and 16 or
until students have completed 3 years of second-level education. Post-primary
education consists of a three-year Junior Cycle (lower secondary), followed by
a two or three year Senior Cycle (upper secondary), depending on whether the
optional Transition Year (TY) is taken.
Students usually begin the Junior Cycle at age 12. The Junior Certificate
examination is taken after three years. The main objective of the Junior Cycle
is for students to complete a broad and balanced curriculum, and to develop the
knowledge and skills that will enable them to proceed to Senior Cycle education.
The Senior Cycle caters for students in the 15 to 18 year age group. It includes
an optional Transition Year, which follows immediately after the Junior Cycle.
TY provides an opportunity for students to experience a wide range of educational
inputs, including work experience, over the course of a year that is free from
formal examinations. During the final two years of Senior Cycle students take
one of three programmes, each leading to a State Examination: the traditional
Leaving Certificate, the Leaving Certificate Vocational Programme (LCVP) or
the Leaving Certificate Applied (LCA).
The traditional Leaving Certificate is a two-year programme that aims to
provide learners with a broad, balanced education while also offering some spe-
cialisation towards a particular career option. The LCVP is a Leaving Certificate
with a focus on enterprise and preparation for working life. The LCA is a two-
year Leaving Certificate, available to students who wish to follow a practical or
vocationally orientated programme.
The National Council for Curriculum and Assessment (NCCA) is a statutory
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body of the Department of Education and Skills.
The NCCA advises the Minister for Education and Skills on
 curriculum and assessment for early childhood education, primary and post-
primary schools
 assessment procedures used in schools and examinations on subjects which
are part of the curriculum
It is in this context of the Irish education system that the curricular changes
are being implemented. As well as changes in the curricula, there have been
significant changes in the Irish research landscape in recent years, driven in part
by the establishment of Science Foundation Ireland. Science Foundation Ireland
(SFI), established in 2000, is the national foundation for investment in scientific
and engineering research.
2.2 SFI Research Centres
Science Foundation Ireland funds research in the areas of science, technology,
engineering, and mathematics (STEM) which promotes and assists the develop-
ment and competitiveness of industry, enterprise and employment in Ireland. A
key objective of Science Foundation Ireland’s Agenda 2020 is to develop a set
of world-leading, large-scale research centres that will provide major economic
impact for Ireland. SFI Research Centres link scientists and engineers in part-
nerships across academia and industry to address crucial research questions, to
foster the development of new and existing Irish-based technology companies, to
attract industry that could make an important contribution to Ireland and its
economy and to expand educational and career opportunities in Ireland in sci-
ence and engineering. Within the research centres, SFI operate Education and
Public Engagement (EPE) Programmes. The EPE programme seeks to promote
the awareness and engagement of the Irish public with science, technology, engi-
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neering and maths (STEM). It is in the context of running an EPE programme
in Lero, the SFI research centre for software, that this research project was con-
ceived by the author. When Lero was established in 2005, there was no formal
Computer Science education at second-level in Ireland. This next section will
provide details about the rapid change that has taken place in the Computer
Science landscape in Ireland over the last ten years.
2.3 Terminology
When the Royal Society report was published in January 2012 (Furber, 2012), it
included terminology definitions on Computing, ICT, Computer Science, Infor-
mation Technology and Digital Literacy to address confusion between the use of
technology, which includes ICT, Information Technology and Digital Literacy and
the broader subject area term Computing and Computer Science, the rigorous
academic discipline encompassing programming languages, data structure, algo-
rithms etc.. This report recommended the reintroduction of Computer Science
into schools in the UK (Brown et al., 2014). Similarly, Webb et al. (2017) provided
terminology definitions of Information Technology, Computer Science, Comput-
ing, Digital Literacy, Computational Thinking and Programming in their exami-
nation of the position and roles of Computer Science in curricula. This confusion
over terminology prevails even within Europe as the additional term Informatics
(the German Informatik or the French Informatique) is open to interpretation
depending on the country or the social of cultural background (Hubwieser et al.,
2011). Hubwieser et al. (2015) discussed the urgent need for standardizations
of the terminology to avoid misunderstandings amongst stakeholders in different
countries.
In the Irish context, the Computer Science at Leaving Certificate specification
(NCCA, 2018) offered at senior cycle defines Computer Science as
 the study of computers and algorithmic processes. Leaving Certificate Com-
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puter Science includes how programming and computational thinking can be
applied to the solution of problems, and how computing technology impacts
the world around us
The Computer Science curriculum offered at lower secondary level, titled
“Short Course Coding”, aims to
 develop the student’s ability to formulate problems logically; to design, write
and test code through the development of programs, apps, games, animations
or websites; and, through their chosen learning activities, to learn about
computer science.
In this context, it is clear the both CS curricula, although titled differently,
include content aligned with Furber’s definition of Computer Science “the rigor-
ous academic discipline, encompassing programming languages, data structures,
algorithms” (Furber, 2012, p. 5).
2.4 Computer Science in Ireland
The interest in the introduction of computing, which was spearheaded by the
Computers in Education Society of Ireland (CESI), began in Ireland in the 1970s.
However, the speed of change that has brought about the introduction of new CS
curricula in Ireland in the last seven years is unprecedented (Quille et al., 2018).
At Senior Cycle a new leaving certificate Computer Science subject was intro-
duced in February 2017. The first phase of its introduction involved a selected
group of 40 schools. This implementation was preceded by work the author com-
pleted where research was conducted around the implementation of Computer
Science at second level in other jurisdictions to inform the introduction in Ire-
land (Keane and McInerney, 2017). This research, commissioned by the NCCA,
involved the establishment of an expert group which included advocates for CS
curricula in Ireland.
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The Leaving Certificate Course consists of three strands. Strand one is “prac-
tices and principles”, strand two is “core concepts” and strand three is “Computer
Science in practice”, which compliments strand one and two (NCCA, 2018).
Strand One, Practices and Principles, encompasses “behaviours and ways of
thinking that computer scientists use”. The strand underpins the specification
and is fundamental to all learning activities.
Strand Two, “Core concepts”, represents the major areas in the field of Com-
puter Science such as abstraction, data, computer systems, algorithms and evalua-
tion/testing. Students engage with the core concepts theoretically and practically
in this strand.
Strand Three, “Computer Science in practice”, enables the students to apply
the practices and principles and the core concepts strands through the creation
of artefacts. Students work in teams to carry out four applied learning tasks over
the duration of the course, each of which results in the creation of a real or virtual
computational artefact. These artefacts should relate to the students’ lives and
interests.
In addition to the introduction of the specification, an Association of Com-
puting Machinery (ACM) Special Interest Group on Computer Science Education
SIGCSE was established in 2019 to support the Computer Science education re-
search community in Ireland 1.
The mission of the Ireland ACM SIGCSE Chapter is
 to provide a unifying forum to foster and advance the state of Computing
Education in Ireland
 to promote dissemination of best practices in Computing Education research
and practice
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As part of the introduction of the CS leaving certificate subject, teachers from
the 40 selected schools embarked on a professional development (PD) programme
which commenced in the spring of 2018 prior to the subject’s launch in schools
the following September. The author was successful in submitting and receiving
funding to conduct research around the implementation of the PD programme.
This research was conducted by a team and focused on:
1. Tracking the development of the teachers’ progress during the first two years
of the subject roll-out
2. Exploring the development of the teachers’ pedagogical knowledge and
3. Examining the role of the PD infrastructure in contributing to the develop-
ment of their knowledge and skills.
This work resulted in the publication of a report titled “Exploring teachers’
professional development to support the roll-out of Computer Science in Irish
second-level schools” (McGarr et al., 2020).
Prior to the introduction of CS at Senior Cycle, the foundations were being
laid at the Junior Cycle, in conjunction with a widespread reform of the Junior
Cycle itself. The next section will describe the reform that took place at Junior
Cycle level to allow for the implementation of a new CS curriculum at Junior
Cycle level.
2.5 Junior Cycle Reform
In 2015, the Framework for Junior Cycle (lower secondary level) was introduced
to set out a clear vision for the evolution of teaching, learning and assessment
practices at lower secondary level in the Irish Education system The framework
places “the students at the centre of the learning process and envisages a mod-
ernised curriculum across all subjects”.1 The Minister for Education and Skills
1https://www.ncca.ie/media/3249/framework-for-junior-cycle-2015-en.pdf
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committed to ensuring that the professional time and resources would be made
available to teachers to implement the new framework.
As part of this reform 1, learning in the Junior Cycle is informed by
 Principles: Eight principles underpin the entire Framework for Junior Cycle
 Statements of Learning: Twenty-four statements of learning are central to
planning for, the students’ experience of, and the evaluation of the school’s
Junior Cycle programme
 Key Skills: Eight key skills are required for successful learning by all students
To allow schools greater flexibility in their delivery of the Junior Cycle pro-
gramme, schools have the option of offering students short courses. Short courses
are a new and optional curricular component within the Framework for Junior
Cycle. Short courses allow schools the flexibility to broaden the range of learn-
ing experiences for students, meet student needs, address their interests, and
encompass areas of learning not covered by the combination of curricular sub-
jects available in the school. Each short course requires 100 hours of student
engagement over a three year period and is assessed through Classroom-Based
Assessments, and reported on to parents/guardians and students by the school.
In 2014, the National Council for Curriculum and Assessment (NCCA) devel-
oped nine short courses which schools may choose to include in their Junior Cycle
programme. Schools also have the option of developing their own short courses.
In 2012, the author was commissioned by the NCCA to write a short course,
which was entitled Coding, in Computer Science as one of seven commissioned
short courses in new areas of learning. This represented the first time that Com-
puter Science would formally appear on the Irish curriculum and also the first
time that students could profile their achievement in this area of learning. The
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2016. The short course strand and learning outcome descriptions are available in
Appendix C.
The Junior Cycle Short Course consists of three strands “Computer Science
Introduction”, “Let’s get connected” and “Coding at the next level”.
1. Strand 1: Computer Science introduction
In this strand, students explore the range of uses computers have in to-
day’s world and learn to understand the hardware and basic software which
operates them. This includes learning to write, test and evaluate code.
2. Strand 2: Let’s get connected
This strand deepens the student’s understanding of the computer as a com-
munications tool through the storage and manipulation of data. Students
also have the opportunity to identify, research, present and receive feedback
on a topic or challenge in Computer Science that inspires them.
3. Strand 3: Coding at the next level
In this strand, students are introduced to more complex levels of coding
where they can demonstrate their understanding through documentation,
discussion and feedback.
The reform at Junior Cycle was unprecedented and the Junior Cycle for Teach-
ers (JCT) service was established to support this change.
2.6 Collaboration with JCT
The JCT school support service was established in the Department of Education
and Skills in 2013 to assist schools in implementing their Junior Cycle programme
through the provision of high quality continuing professional development (CPD)
opportunities and relevant learning and teaching resources.
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In 2015, the researcher was approached by the JCT to collaborate in the
development of a CS professional development programme for teachers for the
CS short course. It is in the context of the development and roll-out of this
professional development programme for CS that this research study is conducted.
The collaborative initiatives include
 Exploring Coding January 2016-January 2017
 Coding in Action Phase 1 September 2017- March 2019
 Coding in Action Phase 2 September 2019 - March 2021
This is a unique partnership between the researcher, based in a SFI software
research centre, and JCT. JCT assists schools in implementing their Junior Cycle
programme for CS teachers and have a understanding of the needs and constraints
of the teachers with respect to the adoption of the new CS curriculum and the
challenges teachers face around its implementation. The researcher provides evi-
dence based research that informs the design of the PD programme.
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A Review of Literature
It is widely accepted that improved student learning largely predicates on ef-
fective teaching (Hattie, 2012). Three main factors that influence pupil progress
significantly are categorised by McBer (2001) as teaching skills, professional char-
acteristics and classroom climate. In this research, McBer (2001) identified 16
characteristics which contribute to effective teaching, one of which is confidence.
Effective teachers show confidence in most situations and over time this confi-
dence grows “allowing the teacher to see themself as a fully rounded professional,
able to succeed in most circumstances” (McBer, 2001, p. 21). Teacher confidence
and professional capital are closely linked (Nolan and Molla, 2017) and this en-
compasses the acquisition of knowledge and skills (human capital), participation
in networks of collaborative learning communities (social capital) and the abil-
ity to exercise professional agency (decisional capital) (Hargreaves and Fullan,
2013). Teacher confidence is important because of its potential to not only repli-
cate positive or negative affect in students (Stipek et al., 2001), but also because
teacher confidence has been linked to the quality of pedagogy. When we refer to
confidence to teach or perform a job/task, the term self-efficacy is used (Bleicher,
2004; Sander and Sanders, 2003). Protheroe (2008, p. 42) states, a “teacher’s




Bandura first outlined his theory of self-efficacy almost four decades ago (Ban-
dura, 1977). According to Bandura (1997), the beliefs of personal efficacy is
foundational to human agency and perceived self-efficacy occupies a pivotal role
in social cognitive theory. Perceived self-efficacy is concerned with people’s beliefs
in their capabilities.
An all purpose perceived self-efficacy measurement scale does not exist (Ban-
dura, 2006). A challenge for self-efficacy researchers is how to achieve an optimal
level of specificity where a balance between domain specificity and practical use-
fulness of results is reached (Klassen et al., 2011; Tschannen-Moran and Hoy,
2001). Tschannen-Moran et al. (1998) noted that few teachers’ self-efficacy mea-
sures strike the right balance between specificity and generality. Tschannen and
Moran conducted a review of teacher self-efficacy measures from existing measures
and proposed a new teacher self-efficacy measurement scale with validaty and re-
liability data, the Ohio State teacher efficacy scale (OSTES) (Tschannen-Moran
and Hoy, 2001). The generic nature of the questions can be seen in examples
such as
 To what extent can you use a variety of assessment strategies?
 To what extent can you provide an alternative explanation or example when
students are confused?
 To what extent can you craft good questions for your students?
 How much can you do to help your students think critically?
A rich body of research on teacher self-efficacy exists and Zee and Koomen
(2016) synthesize 40 years of teacher self-efficacy theoretical and empirical re-
search in their study. In addition to teacher self-efficacy, research studies have
been conducted into academic self-efficacy, computer self-efficacy and the role that
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these efficacy levels play in the attitudes toward applying computer-supported ed-
ucation of teachers and prospective teachers (Yeşilyurt et al., 2016).
Bandura (1997) proposed self-efficacy beliefs are constructed from four prin-
ciples sources of information.
 Enactive mastery experiences that serve as indicators of capability
 Vicarious experiences that alter efficacy beliefs through transmission of com-
petencies and comparison with the attainments of others
 Verbal persuasion and allied types of social influences that one possesses
certain capabilities
 Physiological and affective states from which people partly judge their ca-
pableness, strength, and vulnerability to dysfunction.
The most powerful is mastery experiences, which for teachers comes from ac-
tual teaching accomplishments with students (Tschannen-Moran and Hoy, 2007).
While the importance of measuring constructs or characteristics such as confi-
dence or self-efficacy has been long established in other fields in science and maths
(Klassen et al., 2011; Lee and Stankov, 2013; Morony et al., 2013; Tschannen-
Moran and Hoy, 2001) where comprehensive studies have been conducted, less
research has been conducted in the Computer Science education field (Menekse,
2015; Zhou et al., 2020). In the Computer Science education field, there is a lack
of standardization in variables and how they are measured (Decker and McGill,
2017; Decker et al., 2016).
3.2 Measuring Self-Efficacy
Decker and McGill (2019) analysed 47 evaluation instruments which included
categorizing measurements of noncognitive constructs, cognitive constructs and
program evaluation, where cognitive constructs were considered to be content
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or domain knowledge of CS and noncongintive constructs were considered as
everything else. In this study, the authors are putting a call out to the community
to encourage the use of validated instruments where possible and to develop and
validate additional instruments in areas where few exist.
In an additional research study, accompanying this initial compilation of noncog-
nitive evaluation instruments, McGill et al. (2019) conducted a gap analysis of
noncognitive constructs in evaluation instruments designed for computing edu-
cation. In their analysis, they used the Lee and Shute (2010) framework as a
basis for assigning 115 unique constructs found in 47 evaluation instruments into
one of four components of Student Engagement, Learning Strategies, School Cli-
mate and Socio-familial Influences. This Lee and Shute (2010) categorization or
taxonomy of non-cognitive factors in K-12 learning was compiled following an
extensive literature review in the fields of educational, social and cognitive psy-
chology. Each of the component categories include a number of sub-components.
McGill et al. (2019) assigned constructs from the evaluation instrument into each
of these four components and further sub-components.
Within this hierarchy, the student engagement component includes a number
of confidence and self-efficacy constructs (McGill et al., 2019). These include con-
structs related to confidence using computers and working with computing profes-
sionals. Self-efficacy constructs included computer self-efficacy, learning CS/pro-
gramming, ability for complex programming tasks, ability for self-regulation, abil-
ity for simple programming tasks, ability to learn CS, ability to use computers,
perceptions of computing ability and self-efficacy conducting research.
Within this hierarchy, the school climate component includes the sub-component
Teacher variables which include the following constructs: cognition, meta-cognition,
motivation and affect. The self-efficacy related variables are categorised as meta-
cognition constructs:




 Self-efficacy in teaching programming and Computational Thinking
The goal of this work (Decker and McGill, 2019; McGill et al., 2019) is to
provide researchers with a landscape of non-cognitive constructs that can be
measured to inform student success. However, the authors do comment that
although there is moderate coverage of teacher variables across 31 instruments,
many of these are related to technology in the classroom and do not specifically
focus on Computer Science education.
The prevalence of measures focusing on student engagement can be seen in
the context of CS0 programming environments, a well established field of re-
search in Computer Science education. For example when it comes to measuring
self-efficacy in introductory programming at undergraduate level, the Computer
Programming Self-Efficacy Scale (CPSES) (Ramalingam and Wiedenbeck, 1998)
has been the standard measurement tool cited and used and extended for many
years. Recently, Steinhorst et al. (2020) revisited and redesigned a new instru-
ment based on Ramalingam’s work. Self-efficacy studies have been conducted
to explore the relationship between misconceptions and self-efficacy (Kallia and
Sentance, 2019) and the effects of robotics on students self-efficacy (Kempf et al.,
2020). Other self-efficacy research has focused on assessment of self-efficacy in
introductory algorithm courses (Danielsiek et al., 2018). Zingaro (2014) looked
at the how peer-instruction contributes to self-efficacy in CS1. Another concept,
closely related to self-efficacy is self-esteem. A validated survey, METRECC, was
created to establish a benchmark of enacted K-12 education internationally and it
included a Teacher CS Self-Esteem scale (Falkner et al., 2019; Vivian et al., 2020).
While the concepts of self-efficacy and self-esteem are closely related, there are
subtle differences noted in the literature. For the authors of this study, self-esteem
is concerned with a person’s positive and negative attitudes or perceptions about
their self (Rosenberg, 1965), and within particular domains (Trautwein et al.,
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2006), whereas self-efficacy is related specifically to a task and the concern about
a person’s belief about their own capabilities to execute specific tasks (Bandura,
1997). The authors of this research paper also point to the fact that there is
limited research available on teacher self-efficacy and CS.
Many of the existing self-efficacy validated tools are designed for use in the CS0
programming classroom, particularly in the context of learning to program. The
focus of our work is to measure teacher non-cognitive factors in CS in the context
of a PD programme. And while this includes measuring computer programmming
self-efficacy, it is only a subset of what is being measured overall. Before looking at
measuring teacher self-efficacy in the context of a PD programme, let us consider
the professional development literature in general and the importance this plays
in changing classroom practice and impacting student achievement.
3.3 Teacher Professional Development (PD)
Teacher professional development plays a central role in improving educational
systems by transforming schools and improving student academic achievement
(Darling-Hammond et al., 2009; Guskey, 2000). The goal of professional devel-
opment programmes are to bring about changes in the classroom practices of
teachers, in their attitudes and beliefs, and in the learning outcomes of students.
Guskey (2000) proposed a model of teacher change where he posits that significant
change in teacher’s attitudes and beliefs occurs primarily after they gain evidence
of improvements in student learning. Achieving these changes in students learn-
ing result from changes that teachers have made in their classroom practices -
which would include things like adopting a new instructional approach, using
new materials or curricula or by modifying teaching procedures or classroom for-
mat. Guskey (2000) proposed a set of three principles necessary for planning
professional development based on his Model of Teacher Change. (Figure 3.1).
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Figure 3.1: Guskey Model of Teacher Change (Guskey, 2000, p. 139)
These include:
 Recognize that change is a gradual and difficult process for teachers
 Ensure that teachers receive regular feedback on student learning progress
 Provide continued follow-up, support and pressure.
In defining professional development, Desimone (2011) suggests it involves
teachers experiencing a broad spectrum of activities and interactions that leads
to increases in knowledge and skills, improved teaching practice, and contribu-
tions to teacher’s personal, social and and emotional growth. She suggests the
range of professional development experiences includes formal, structured semi-
nars on in-service days to everyday hallway discussions with other teachers but
also workshops, local and national conferences, college courses, special institutions
etc. Desimone (2011) outlined five key characteristics of PD that are critical to
improving teaching knowledge, practice and student achievement:
 Content focus: activities that focus on subject matter content and how
students learn that content.
 Active learning: opportunities for the teacher to get involved in activities,
such as observing and receiving feedback, analysing student work, or making
presentations, as opposed to passively sitting through lectures.
 Coherence: what teachers learn in any professional development activity
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Figure 3.2: Desimone’s Conceptual Framework for PD (Desimone, 2009, p. 185)
should be consistent with other professional development, with their knowl-
edge and beliefs, and with school, district, and state reforms and policies.
 Duration: activities that are spread over a semester and should include 20
hours or more of contact time.
 Collective participation: participation of groups of teachers from the same
grade, subject, or school in professional development activities together to
build an interactive learning community.
Figure 3.2 shows the conceptual framework that Desimone (2011) proposed
for studying the effects of PD on teachers and students where increased teacher
knowledge and skills and changes in attitudes and beliefs lead to change in in-
struction and ultimately improved student learning.
Darling-Hammond et al. (2017) conducted a search of the literature over thirty
years to define features of effective PD models. This study identified seven widely
shared features of effective professional development. Some of these features over-
lap with Desimone (2009). Their research demonstrated that effective professional
learning incorporates most or all of these elements. The features include focusing
on content, incorporating active learning, supporting collaboration, using models
of effective practice, providing coaching and expert support, offering reflection
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and feedback and sustaining the duration of the PD.
3.4 CS PD and Teacher Self-Efficacy
Acknowledging the importance of PD for teachers in CS, we have fewer profes-
sional development efforts and studies in this area when compared to professional
development studies in other subjects (Menekse, 2015). Compared to other sub-
ject areas, CS has insufficient numbers of teachers trained to deliver Computer
Science in K-12 schools (Hamlen et al., 2018; Schulte et al., 2012; Webb et al.,
2017) and one of the major challenges faced is retraining teachers, in particular
ICT teachers (Brown et al., 2014).
In his review of Computer Science teacher professional development studies
published between 2004-2014 in the United States, Menekse (2015) sets out to
systematically review 21 studies on Computer Science teacher professional devel-
opment programs in the US to understand the scope, context and effectiveness
of these programs. The 21 studies were included in his review from a total of 82
studies identified in multiple databases.
For the STEM domains, a considerable body of research knowledge exists
around measuring the effectiveness of professional development programs. Menekse
(2015) outlined five fundamental factors that have potential to influence teacher
practices and student learning:
1. Duration of program
2. Long terms support for teachers to implement new practices and instruc-
tional methods
3. Focus on active learning strategies
4. Explicit focus on pedagogical content knowledge
5. Ongoing collaboration and communication with school leadership and dis-
trict administration.
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The duration of professional development impacts changing teaching practices
and improves student learning. In inquiry-based science professional develop-
ment, an effective duration period for professional development is 80 hours or
more (Darling-Hammond et al., 2009). It is also suggested that positive effects
of professional development are evident for programmes offering between 30-100
hours spread over 6-12 months (Goode et al., 2014). Research has shown that
teachers who are supported during the implementation phase are encouraged to
try new teaching practices (Truesdale, 2003). Incorporating active learning strate-
gies into professional development programs can affect learners interest, atten-
tion and learning outcomes in a significant way (Chi, 2009). Pedagogical content
knowledge needs to be incorporated into professional development programs to
address representation and presentation of concepts in a specific subject matter
to students with differing prior conceptions (Shulman, 1986). Collaboration and
communication with school leaders and district administrators is essential for the
long term sustainability and effectiveness of the teacher professional development.
A number of studies have been conducted that investigate CS teacher self-
efficacy and PD programs, such as CS4HS, CS10K and Exploring CS. Ravitz et al.
(2017) acknowledged that, in 2006, when they launched their CS4HS program,
very little professional development was available for Computer Science teachers
and there was little agreement or research conducted regarding the efficacy of
content and mechanisms. While their research addressed the growing demand for
scalable professional development for Computer Science teachers, one aspect of
their research was to look at attitude changes in teachers that participated in the
CS4HS program and in particular teachers’ self-efficacy for teaching CS. While
there was not a significant pre-to-post difference on the overall self-efficacy scale,
the items that showed gains were teacher’s responses to
1. I can teach the concepts required by the curriculum
2. I can effectively teach all students.
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Reding and Dorn (2017) conducted a study around understanding teacher ex-
periences in CS professional development. The authors argued that while many
authors have defined what effective PD looks like and have researched the charac-
teristics of effective PD, there are very few publications addressing the “teacher
experience” of these new types of PD. The study investigated the affective ex-
periences of ten in-service teachers involved in an intensive CS PD programme.
They qualitatively analysed daily participant reflections in journals. They make
recommendations on how to best engage teachers by understanding their concerns
and affective responses. They conclude by saying that effective CS PD initiatives
should begin by seeking to understand teacher experiences more holistically in
order to make the CPD initiatives as beneficial as possible to all stakeholders.
Another PD initiative, that focuses on broadening participation in comput-
ing, is the Exploring Computer Science (ECS) programme This programme is a
research-based, high school intro-level Computer Science curriculum and teacher
professional development programme. The impact of the ECS PD model on
teachers’ practice is explored by Goode et al. (2014). The programme highlights
problem solving, computational practices and modes of inquiry rather than just
narrowly focusing on coding, and navigating particular syntax or tools. The re-
search reports that as well as gaining knowledge and skill in particular aspects
of the CS curriculum and getting a better sense of the “big picture”, the re-
searchers are interested in exploring teachers’ confidence levels in their teaching.
This research describes how the components of the ECS program include the ECS
curriculum in combination with the ECS teacher professional development. The
authors plead the case for coupling the CS curriculum and the PD model, ar-
guing that the traditional curriculum and method of teaching Computer Science
has left many students feeling that CS is “not for me”.
In another initiative, run in the context of CS10K Astrachan et al. (2011),
Reimer et al. (2018) explored the impact of a PD programme, based on the
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Joy and Beauty of Computing (JBC) curriculum 1 on participants’ computa-
tional thinking abilities, programming competency, and self-efficacy. Reimer et al.
(2018) devised a set of questions around self-efficacy for Programming that in-
cluded these questions:
1. I have a lot of experience with programming to create software, websites,
etc.
2. I am very confident in my current ability to use Python code to accomplish
programming tasks and projects
3. I am very familiar with and can use more than one programming language
4. I regularly use or tinker with code I have written
5. I know where to find examples of code that I can repurpose for my own
programming projects.
In this study they also devised a set of questions around teacher self-efficacy
for teaching programming that included these questions:
1. I have a lot of secondary teaching experience in helping students learn how
to write code
2. I am very confident in my current ability to teach students how to code
3. I am very familiar with learning progressions that help students develop their
programming concepts and skills
4. I know how to structure programming concepts and skills so that students
can systematically develop their understanding
5. I am very confident that I will be able to apply the programming content I
will learn in this course in my CS teaching
1JBC should not be confused with Berkeley’s Beauty and Joy of Computing (BJC) course (bjc.berkeley.edu)
30
3.4 CS PD and Teacher Self-Efficacy
6. I am very confident in my current ability to explain essential CS concepts
such as functions to my students
7. I am very confident that my CS teaching strategies will be effective with
diverse student groups including both male and female learners.
The authors averaged responses to form a “Self-Efficacy for Programming”
and a “Self-Efficacy for Teaching Programming” score. Changes from pre to post
were statistically significant for both scores. The authors were also interested in
the use of particular tools and technologies and the use of particular teaching
strategies:
1. I have used Python with students and I am familiar with how to teach
computational thinking
2. I am ready to employ group CS learning strategies such as pair programming
with my students
3. I am very confident in my current ability to foster my students’ computa-
tional thinking
4. I am very confident that my CS teaching strategies will be effective with
diverse student groups including both male and female learners.
While many of these research studies are exploring teacher self-efficacy levels
around content knowledge, teaching strategies and pedagogical content knowl-
edge, we were interested in exploring similar themes but for teacher’s confidence
levels to teach each of the specific learning outcomes in the CS curriculum. While
many of the authors have measured CS teacher self-efficacy in the context of PD
programmes, there are very few publications focused soley on addressing teacher’s




While many research studies place a focus on measuring teacher content knowl-
edge acquisition during a PD programme, the questionnaires designed by Reimer
et al. (2018) and Ravitz et al. (2017) incorporate questions regarding teacher’s
self-efficacy to teach the CS curriculum and others such as Goode et al. (2014) in-
vestigate modes of inquiry associated with “doing Computer Science” as opposed
to just focusing on coding or syntax of tools and technologies. While content
knowledge refers to the amount and organization of knowledge per se in the
mind of the teacher, a second kind of content knowledge is pedagogical knowl-
edge, which goes beyond knowledge of subject matter per se to the dimension
of subject matter knowledge for teaching (Shulman, 1986). Shulman advocated
incorporating pedagogical content knowledge into professional development pro-
grams to address representation and presentation of concepts in a specific subject
matter to students with differing prior conceptions.
The CS education research community is interested in pedagogical strategies
and approaches that can be used in the classroom. In their paper, “Research
This! Questions that Computing Educators Most Want Computing Education
Researchers to Answer” (Denny et al., 2019) conducted a study that gathered
questions that practitioners wanted researchers to investigate and interestingly,
they found that people who were engaged in computing education research were
interested in this question as their second choice from a list of 284 questions.
 What teaching strategies are most effective when dealing with a wide range
of prior experience in introductory programming classes?
Two other related questions emerged in this research outlining listed questions
of interest to practitioners. These included:




 What are the most effective ways to teach programming to various groups?
(ranked 6)
Teacher pedagogical strategies in the UK were explored by Sentance and Csiz-
madia (2017) who conducted a survey of Computing At School (CAS) members
in February 2014, to elicit teachers perspectives on challenges and strategies as-
sociated with teaching computing across primary and secondary education. In
this research, teachers who begun to teach Computing in school described their
experiences, successful strategies and frustrations. Following qualitative analysis
of 338 responses Sentance and Csizmadia (2017) grouped individual strategies
into five themes:
 Unplugged type activities (activities away from the computing)
 Contextualisation of tasks (relating tasks to real-life)
 Collaborative working (team work, peer mentor, collaboration)
 Developing computational thinking (algorithmic thinking, decomposition,
problem solving, abstraction)
 Scaffolding programming tasks (starting with simple code examples and
building complexity).
The “unplugged” style of teaching refers to the use of activities to teach com-
puter science concepts without the use of computers. It stems from the CS
Unplugged project in New Zealand (Bell et al., 2009; Nishida et al., 2009) which
uses activities, games, magic tricks and competitions to show children the kind
of thinking that is expected of a computer scientist.
Contextualisation of tasks is concerned with relating tasks to real life. Guzdial
(2015) coined contextualization stating that “[i]f the learner perceives the rele-
vance of the course context, the course is more concrete and less abstract. There
is increased motivation to succeed. That motivation increases success rates.”
(Guzdial, 2015, pg. 64)
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Collaborative learning in the classroom has been described as “hands-on”
learning (Yerion and Rinehart, 1995) and includes team work, peer mentor, paired
programming and collaboration.
According to Wood et al. (1976), scaffolding means providing well-timed sup-
port to the learners’ learning process, so that they can achieve such learning
objectives that they could not reach on their own (Vihavainen et al., 2013) Scaf-
folding starts with simple code examples and builds complexity.
Computational thinking was only recently popularised as a concept by Wing
(2006) and can be broadly described as the thinking skills and practices used by
computer scientists.
In the context of self-efficacy at undergraduate level, research has been con-
ducted on how particular teaching methods can influence self-efficacy in college
students (Danielsiek et al., 2018; Zingaro, 2014). In this research study, the re-
searcher was interested in the opposite perspective, namely to see how teacher
self-efficacy can influence the use of teaching strategies in the classroom.
3.6 Formative Assessment Strategies
While this research focuses on the use of teaching strategies in the classroom, as
outlined by Sentance and Csizmadia (2017), we were also interested in how the
teachers were supporting student learning in the classroom, in particular looking
at the use of formative assessment strategies in the computing classroom (Wiliam,
2011).
Situated in the broader field of education research, educational assessments
serve three functions (Wiliam and Thompson, 2008):
 supporting learning (formative)
 certifying the achievements, or potential of individuals (summative)
 evaluating the quality of educational institutions or programs (evaluative)
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The importance of supporting learning through formative assessment is out-
lined by Wiliam and Thompson (2008, pg. 4), who propose that the use of as-
sessment in support of learning, developed through teacher learning communities
“promises not only the largest potential gains in student achievement, but also
provides a model for teacher professional development that can be implemented
effectively at scale.”
Black and Wiliam (2009, pg. 9) define assessment as being formative “to the
extent that evidence about student achievement is elicited, interpreted, and used
by teachers, learners, or their peers, to make decisions about the next steps in
instruction that are likely to be better, or better founded, than the decisions they
would have taken in the absence of the evidence that was elicited”. These fol-
lowing formative assessment strategies emerged from work by Wiliam and Leahy
(2016) where they identified five key strategies for formative assessment:
1. Clarifying and sharing learning intentions and criteria for success
2. Engineering effective classroom discussions and other learning tasks that
elicit evidence of student understanding
3. Providing feedback that moves learners forward
4. Activating students as instructional resources for one another and
5. Activating students as the owners of their own learning.
The authors suggest that this framework for formative assessment, or assess-
ment for learning (AfL) can be conceptualized as consisting of five key strategies
and one “big idea”. The “big idea” is that evidence about student learning is used
to adjust instruction to better meet student needs—in other words that teaching
is adaptive to the student’s learning needs (Wiliam and Thompson, 2008).
In Computer Science Education, formative assessment has been incorporated
into a software platform called Chatbot designed to introduce students to CS
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concepts in an innovative way (Benotti et al., 2018). Another paper by Gorson
and O’Rourke (2020) explores formative assessment from a student perspective
and research investigates self-efficacy and self-assessment for CS 1 students at 3
universities and concludes that self-efficacy could be improved and dropout rates
in CS could be decreased by reducing the frequency that students self-assess neg-
atively while programming. In another research study, conducted by Vivian and
Falkner (2018), that focuses on self-efficacy and summative assessment on the
context of a CS PD program, teacher’s self-efficacy to teach and assess a new
digital technologies curriculum implemented in New Zealand was measured. Pri-
mary and secondary teachers reported reasonable levels of self-efficacy, however,
they still require time and support to develop assessment strategies for the sub-
ject area. Computer Science education research has identified the importance
of formative assessment strategies in the classroom as a research topic. Denny
et al. (2019) identified a number of questions of interest to computer education
researchers in the area of teaching strategies and approaches outlined above, but
they also elicited an ordered list of questions of interest to people not involved in
conducting computing education research and their top question of interest is
 How and when is it best to give students feedback on their code to improve
learning?
The importance of formative feedback has been incorporated into the reform
of the Junior Cycle, introduced in Chapter 2. These reforms were based on
research that indicates that educational outcomes for students can be improved
by broadening the approach to assessment (Department of Education and Skills,
2015).
Research shows that the greatest benefits for students’ learning occur when
teachers provide effective feedback to students that helps them to understand how
their learning can be improved. This new approach to assessment also requires
the completion of a Classroom-Based Assessment. The NCCA released specific
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guidelines for teachers for the component of assessment for the new CS Curricu-
lum (NCCA, 2019). An extensive set of resources and workshops have been made
available to support teachers in developing effective, ongoing assessment practice
which supports students’ learning 1. They are in four areas and aligned with
Wiliam (2011)’s work. They include:
 Learning intentions and success criteria
 Effective questioning
 Formative feedback
 Students reflecting on their learning
Learning intentions and success criteria is concerned with students knowing
what they are going to learn, how they will recognise when they have succeeded
and why they should learn it in the first place.
Effective questioning is concerned with establishing a classroom culture that
promotes effective questioning and examines the purpose of and strategies for
effective classroom questioning.
Formative feedback is concerned with providing students with meaningful and
effective feedback that can help them take the next steps in their learning.
Students reflecting on their learning deals with developing student reflection
that can allow students to take more responsibility for their own learning and
progress.
Our interest in exploring the use of assessment strategies was driven by the
significant reform of assessment at Junior Cycle level, responding to the call for
further research in the area of formative assessment in student learning (Denny
et al., 2019) and guided by the existing research literature (Wiliam and Thomp-
son, 2008) around the “big idea” that evidence about student learning can be
used to adjust the instruction to meet student needs.
1https://ncca.ie/en/junior-cycle/assessment-and-reporting/focus-on-learning/
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Bandura’s self-efficacy theory states that if someone believes they will succeed in
something, they will attempt it and in reverse, if someone believes they will fail
in something, they will avoid it (Bandura, 1993). A growing body of evidence
indicates that there is a deep effect of noncognitive factors on academic achieve-
ment and learning (Reding and Dorn, 2017). When comparing CS to other more
established subjects such as Maths and Science, there is a lack of standardization
in non-cognitive constructs and how they are measured, as highlighted by the
gap analysis of non-cognitive constructs in evaluation instruments (McGill et al.,
2019). In spite of the fact that McGill and Decker (2017) highlight a collection
of validated instruments for measuring non-cognitive factors in CS, the use of a
standardized instrument is not appropriate or practical in this study.
Many of the existing CS evaluation instruments and research studies are fo-
cused on students in a CS1 classroom setting. When Margulieux et al. (2019)
analyzed papers, examining current practices for measurement and assessment in
computing education research, published during 2013–2017 in Computer Science
Education (CSE), Transactions on Computing Education (TOCE), and the pro-
ceedings of the ACM Conference on International Computing Education Research
(ICER) conference, which yielded 197 papers, the majority of papers (69%) had
college students as participants compared to 5% of papers dedicate to measure-
ments of teachers. This echoes sentiments expressed by Menekse who reported
that compared to the number of professional development studies in other subject
areas, such as science and mathematics (Menekse, 2015), there are fewer in CS.
The literature highlights the fact that fewer self-efficacy research studies have
been conducted with teachers as subjects, as opposed to students, in the area
of Computer Science, as opposed to other STEM subject areas and within the
context of secondary school education as opposed to university level education.
This points to a dearth of research on teacher’s self-efficacy in teaching CS in
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secondary schools (Faherty et al., 2021; Zhou et al., 2020), thus highlighting the
call for additional research in this area.
We know that teachers that are supported during the implementation phase
are encouraged to try new teaching practices (Truesdale, 2003) and that peda-
gogical content knowledge needs to be incorporated into professional development
programmes (Shulman, 1986). While a number of the research studies on self-
efficacy measured teacher’s self-efficacy to teach CS, the survey questions were
designed generically and not specifically related to a particular CS curriculum
(Ravitz et al., 2017). We know from the literature that self-efficacy researchers
have the challenge of trying to achieve a balance between domain specificity and
generality (Klassen et al., 2011; Tschannen-Moran and Hoy, 2001). In this in-
stance we took that stance of developing a self-efficacy scale to measure teacher’s
self efficacy to teach twenty five learning outcomes for a new CS curriculum being
rolled out nationally.
As a response to the call for further research in the area of teaching practices
for teaching computing to children and effective ways for teaching programming
(Denny et al., 2019), the author addressed this call by including questions on the
use of teaching strategies in the survey, as defined by Sentance and Csizmadia
(2017). The research explored how teachers participating in our PD programme
were using particular teaching strategies in their classroom and how the use of
these evolved over the course of the PD programme.
To explore the idea that student learning can be used to adjust the instruction
to meet student needs (Wiliam and Thompson, 2008) and as a response to the
call for further research around how and when is it best to give students feed-
back (Denny et al., 2019), the author included questions on the use of formative
assessment strategies in the survey, as defined by Wiliam and Leahy (2016) and
Black and Wiliam (2009). The research explored how teachers participating in
a PD programme were using particular assessment strategies in their classroom
and how the use of these evolved over the course of the PD programme. This
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was situated in the context of the reform of assessment in the new Junior Cycle
(Department of Education and Skills, 2015).
A gap exists in the literature (Faherty et al., 2021; Zhou et al., 2020) of studies
conducted exploring correlational research around these three aspects of CS PD
for secondary school teachers namely:
 Self-efficacy to teach a CS curriculum
 Self-efficacy and how it relates to the use of teaching strategies in the CS
classroom
 Self-efficacy and how it relates to the use of formative assessment strategies
in the CS classroom
From this gap in the literature the following research questions were consti-
tuted:
 Research Question 1: What are the changes in teacher self-efficacy to teach
learning outcomes after attending a CS teacher PD programme?
 Research Question 2: What are the changes in teacher self-efficacy to effec-
tively use tools and technology after attending a CS teacher PD programme?
 Research Question 3: What are the changes and correlations between teacher
self-efficacy scores?
 Research Question 4: How do these changes in teacher self-efficacy relate to
their use of teaching strategies?
 Research Question 5: How do these changes in teacher self-efficacy relate to
their use of assessment strategies?
The research, conducted to address these research questions, took place ini-
tially over a two year period with one group of secondary school teachers and over
a 12 month period with another group of secondary school teachers. Following
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the call from Denny et al. (2019) to conduct Computer Science education research
of use to Computer Science education researchers and Computer Science practi-
tioners and the suggestion by Zhou et al. (2020) that there is a dearth of research
on teacher’s self-efficacy in teaching CS in secondary schools, this research will
be of value to the Computer Science Education research community and in par-






This chapter presents and discusses the research methodology and methods used
to address the research questions. Creswell (2002), see Figure 4.1, proposes a
framework for research which involves the intersection of philosophy, research
designs and specific methods. Creswell’s framework for research will be used to
present the research approach for this study. The philosophical world view of the
researcher is explained in Section 4.3, the research design in Section 4.4 and the
research methods in Section 4.5. This research study takes a postpositivist nonex-
perimental quantitative approach with a correlational design where correlational
statistics are used to describe and measure association between variables.
4.2 Context
This research was conducted in two phases and involved two different cohorts
of lower-second level teachers that were participating on a two-year professional
development programme for a Computer Science curriculum. Phase 1 took place
from September 2017-May 2019 and Phase 2 took place from September 2019-
March 2020.
Phase 1 was conducted during the period between September 2017 to May
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Figure 4.1: Creswell Framework for Research - The Interconnection of Worldviews, Design, and
Research Methods (Creswell, 2002, p. 43)
2019 with a cohort of 50 schools and 100 teachers, where each school has an
allocation of two teachers per school.
Phase 2 was conducted during the period between September 2019 and March
2020 with a cohort of 60 schools and 120 teachers, where each school has an
allocation of two teachers per school.
The tables below, Table 4.1 and Table 4.2, report the number of teachers that
participated in the surveys for each phase and presents the percentage response
rate which for Phase 1 went from 41% and 36% to 82% and 73% for Phase 2 for
the pre and post surveys.
Timeline Number of responses % Reponse
October 2017 41 41%
March 2019 36 36%
Table 4.1: Phase 1 Timeline and Response Rate
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Timeline Number of responses % Reponse
October 2019 98 82%
March 2020 87 73%
Table 4.2: Phase 2 Timeline and Response Rate
4.3 Philosophy/World View
There has been much debate about the term worldview but Creswell uses the
Guba definition of the term worldview as meaning “a basic set of beliefs that
guide action” (Guba, 1990). Creswell states that worldviews are a “general philo-
sophical orientation about the world and the nature of research that a researcher
brings to study”. This philosophical orientation has also been called paradigms
(Lincoln et al., 2011), epistemologies and ontologies (Crotty, 1998) or broadly
conceived research methodologies (Neuman, 2000). Positivism posited that all
knowledge is based on sensory experience and that knowledge can only be stud-
ied straightforwardly through the empirical, observational means of the scientific
method (Cohen et al., 2000).
However, this positivist approach is less successful when studying human be-
haviour where the complexity of human nature and complexity of social phe-
nomena contrasts with the order and regularity of the natural world. Hence the
emergence of the postpositivist approach that challenges the positivist view of the
world and the traditional notion of absolute truth of knowledge (Phillips et al.,
2000). The postpositivist approach recognises that we cannot be absolutely pos-
itive about our claims of knowledge when studying the behaviour and actions of
humans (Creswell, 2002), that we can know the world only probabilistically and
imperfectly (Cohen et al., 2000) and that claims a level of objectivity rather than
absolute objectivity (Crotty, 1998). In his book, “Conjectures and Refutations:
the Growth of Scientific Knowledge”, rather than seeing scientists proceed by way
of observation and experimentation in the scientific method, Popper sees them
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engaging in a continual process of conjecture and falsification (Popper, 2014).
In his view, the process of induction in the scientific method is being brought
into question, whereby a general law is established by accumulating particular
instances. Popper believed that scientists are called upon not to prove a theory,
but to try and prove it wrong. It is for this reason that researchers do not prove
a hypothesis but instead indicate a failure to reject a hypothesis. These tests
of falsifiability are subjects to future falsification if new evidence emerges in the
future. In this research we are taking a postpositivist worldview. A postpositivist
approach tends to be associated with quantitative research (Creswell, 2002).
4.4 Research Design
According to Creswell, research designs are types of inquiry within qualitative,
quantitative and mixed methods approaches that provide specific direction for
procedures taken during a research study. Typically, strategies of inquiry associ-
ated with quantitative research adopt a postpositivst worldview.
Quantitative research design is the process of measuring and collecting data
through surveys or experiments. While it is often associated with large scale
research, it can also be used for smaller scale investigations such as correlational
research (Crotty, 1998). The collected data are analysed numerically using soft-
ware packages such as SPSS. One approach to quantitative design is the use of
experiments. The experiment will determine if a specific treatment influences
an outcome. A researcher would provide a specific treatment to one group and
withhold it from another group and determine how both groups scored on an
outcome. Another type of research design is nonexperimental or a survey design
approach (Creswell, 2002). One type of nonexperimental quantitative research is
causal-comparative research. With a nonexperimetal quantitative approach the
investigator compares two or more groups in terms of a cause (or independent
variable) that has already happened. Another nonexperimental form of research
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is the correlational design. In this instance the researchers uses the correlational
statistic to describe and measure the relationship between two or more variables
or sets of scores (Creswell, 2002).
This research study takes a nonexperimental approach with correlational de-
sign where correlational statistics are used to describe and measure association
between variables. The quantitative approach measures teacher confidence levels
to teach a new CS curriculum, their confidence levels around their effective use
of tools and technologies and how these confidence levels relate to their use of
teaching and assessment strategies in the classroom. This research also employed
pre-post questionnaire design to measure change in teacher variables over the
course of a two-year period for two different cohorts of teachers. The quantita-
tive design allowed the researcher to develop a robust measurement instrument
that was administered to two different cohorts of teachers participating on a two
year PD programme for CS. These data are collected using this instrument and
the information is analysed using statistical procedures.
4.5 Research Methods
According to Creswell (2002), the third element of the research framework is the
specific research method which involves the forms of data collection, analysis and
interpretation that are proposed by researchers for their study. Following on from
the nonexperimental correlational design, a survey instrument was selected at the
preferred approach as the survey development and distribution was aligned with
the delivery of the first ever PD for CS at lower secondary level in Ireland. Not
only would a survey method allow us to see how the measurements changed over
the course of a PD programme, but the survey method allowed us to capture
the correlational aspects of these variables, to explore how the variables relate to




The variables being measured in this study are divided into two groups, Group
1 and Group 2. Predictor variables and outcome variables are measured. Predic-
tor variables, similar to independent variables, are used to predict an outcome of
interest in a survey. They are similar to independent variables used in the sense
that they are hypothesized to effect the outcome of a study, however the difference
is that the researcher is not able to systematically manipulate the predictor vari-
able. Outcome variables are considered outcomes or results of predictor variables
in survey methods research studies and share the same properties as dependent
variables (Creswell, 2002). The Group 1 predictor variables and Group 2 outcome
variables are outlined in Table 4.3.
Group 1 Predictor Variables
Confidence levels to teach programming aspects of CS curriculum
Confidence levels to teach non-programming aspects of CS curriculum
Confidence levels around effective use of tools and technologies
Group 2 Outcome Variables
Frequency of use of teaching strategies/approaches
Frequency of use of assessment strategies
Table 4.3: Group 1 and Group 2 Predictor and Outcome Variables
These variables are measured in Phase 1 and Phase 2 of the research during
the timeframe shown in Table 4.1 and Table 4.2. The research is testing claims
about:
 How Group 1 variables relate to each other and how these variables change
over time
 How Group 2 variables relate to each other and how these variables change
over time




A survey instrument was selected because the researcher wanted to measure
teacher confidence levels to teach each of the twenty five learning outcomes in
the CS curriculum and teachers’ frequency of use for teaching and assessment ap-
proaches/strategies. A survey instrument was deemed the most appropriate tool
to capture this information as the purpose of the study is to produce statistics,
that measure quantitative or numerical descriptions about self-efficacy levels of
teachers (Fowler Jr, 2013). Because the teachers were located in five different PD
centres around the country, it was decided to use an online survey as this would
facilitate administration of the survey.
As outlined in Chapter 2, the author collaborated with JCT on the planning,
design and delivery of the PD programme for a pilot project titled “Exploring
Coding” which ran during January 2016 and January 2017. This was a pre-
cursor to the Coding in Action Phase 1 project which was initiated in September
2017. JCT hired four part-time JCT Coding Associates for the Coding in Action
Phase 1. This was driven by the demand for school participation in the initiative
at five different locations around the country (education centres in Cork, Sligo,
Dublin West, Navan and Lero at the University of Limerick). For Coding in
Action Phase 2, an additional four part-time JCT associates were hired with an
additional location added (Kilkenny).
During Phase 1 and Phase 2 of this research study, the JCT associates, JCT
team leaders and this researcher met annually in January, for a two-day workshop
in the summer and again in September to plan and design the PD programme.
The delivery of the PD programme was completed by the JCT associates at the
different sites around the country. In terms of research methodology, this mode
of delivery did not lend itself very well to an experimental approach.
In their study, Decker and McGill (2019), encourage “more regular use of
validated instruments in their studies when possible and to develop and validate
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additional instruments in areas where few exist”. The authors have compiled a
collection of validation survey instruments that have been made available to the
community (McGill et al., 2019) which we considered prior to development of
our survey instrument. While some of the existing survey instruments measure
teacher’s experiences of PD programmes and some measure teacher’s self-efficacy
for teaching programming, we needed to measure teacher’s self-efficacy levels in
the context of a specific CS curriculum. Learning from this prior research, the
researcher designed a survey instrument for this study.
To design the survey instrument, this researcher adopted advice about the
design of self-efficacy scales (Bandura, 2006) including:
 that perceived self-efficacy should be measured against levels of task demands
that represent gradations of challenges.
 the nature of the research and the importance of their contribution to ad-
vancing the research is described in the information sheet to participants
and honest answers are encouraged
Following the advice of Klassen et al. (2011), where in order to avoid conceptual
and measurement problems that hampered early teacher efficacy studies, self-
efficacy items were phrased reflecting forward-looking capability and specifically
to word items in terms of can, rather than will, e.g., “Please rate your current
confidence level in teaching each of the learning outcomes in Strand 1 [1.1 Present
and share examples of what computers are used for and discuss their importance
in modern society and in their lives]”.
The survey included the following topics:
1. Teacher information
2. Teacher confidence to teach 25 learning outcomes
3. Teacher confidence around their effective use of 15 tools and technologies
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4. How often teachers used specific teaching strategies/approaches
5. How often teachers used specific formative assessment strategies/approaches
These five topics areas are included in both the pre and post questionnaires
for Phase 1 and Phase 2 of the research.
The Phase 1 post questionnaire included additional questions about partici-
pation in other professional development components such as webinars and en-
gagement with an online portal which were made available as part of the PD
programme, if the teaching approach had changed and if the PD had impacted
on student learning and school configuration questions. Please see additional
questions 4, 5, 6 and 13-23 added to the post-questionnaire in Appendix A.
The Phase 2 pre-questionnaire was modified from the Phase 1 pre-questionnaire.
Additional school configuration questions were included such as subjects taught,
teaching experience, plus details about the uptake of the CS curriculum in the
school. Please see additional questions 13-23 added to the pre-questionnaire in
Appendix B. The Phase 2 post-questionnaire was modified to include additional
questions around the teacher’s final reflections. Please see additional questions
20-24 in the post-questionnaire in Appendix B. These additional questions were
included to meet reporting requirements.
In this self-administered survey, questions are primarily closed questions, where
questions can be answered by simply clicking or checking a box or circling the
proper response from a set provided by the researcher. The closed questions are
more deliberately focused and help the respondents to answer easily as response
categories are provided (Cohen et al., 2000). Also, closed questions can increase
response rates as questions can be answered more easily (Cohen et al., 2000).
The research literature tells us that, in the absence of an interviewer to probe
incomplete answers for clarity, that “self-administered open answers (other than
very short answers) often do not produce useful data” (Fowler Jr, 2013, pg. 63).
While the pre and post survey instruments were adapted to include additional
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open answers, as described above, these data were used primarily for programme
reporting requirements, outside the scope of this research study.
The teacher information included name/identifier and school name.
The teacher confidence to teach 25 learning outcomes were presented in three
different sections, as aligned with the CS curriculum, 8 learning outcomes in
Section 1, 10 learning outcomes in Section 2 and 7 learning outcomes in Section
3. The survey asked teachers to rate their confidence levels to teach each learning
outcome on a 5-point Likert scale ranging from 1: Not at all confident to 5: Very
confident.
Teachers were asked to rate their current confidence around their effective
use/engagement with 15 tools and technologies, most commonly used and avail-
able tools and technologies at lower secondary school level, in the classroom on
a 5-point Likert scale ranging from 1: Not at all confident to 5: Very confident.
McGill and Decker (2020) conducted a recent research study that examined the
most frequently studied tools, languages and environments (TLEs) in K-12 Com-
puter Science education. The authors conclude that gathering this type of data
can allow us to understand the impact the TLEs have on academic achievement
and to understand the context in which they are used. They also stated that re-
search in this area can also provide us with a greater understanding of what the
most effective TLEs are for different demographic groups, which was what drove
us to include this information in the survey instrument. In addition to measuring
the change in confidence around the use of these tools and technologies over the
course of the PD programme, measuring this information at the beginning of the
PD programme provides us with insights into teacher’s prior experiences, which
is important when working with teachers that have been qualified in one subject
area but requested to teach another subject they are not qualified in. The tools
and technologies list was compiled from the researchers experience of working




 Scratch: A free programming language and online community where you can
create your own interactive stories, games, and animations
 Blockly: A block-based programming lessons for beginners
 Khan Academy: Offers practice exercises, instructional videos, and a per-
sonalized learning dashboard that empower learners to study at their own
pace in and outside of the classroom
 Google CS First: A free computer science curriculum that makes coding
easy to teach and fun to learn
 Google Call to Code: A Google sponsored coding competition open to all
students ages 13-18 in the Republic of Ireland
 Hour of Code: Started as a one-hour introduction to computer science, de-
signed to demystify ”code”, to show that anybody can learn the basics, and
to broaden participation in the field of computer science
 CanSat: An initiative of the European Space Agency (ESA) and a simulation
of a real satellite, integrated within the volume and shape of a soft drink can
 Raspberry Pi: A tiny and affordable computer that you can use to learn
programming through fun, practical projects
 Arduino: Open-source electronic prototyping platform enabling users to cre-
ate interactive electronic objects
 Micro:Bit: The pocket-sized computer transforming digital skills learning
 HTML/CSS: HTML is the standard markup language for Web page and
CSS is the language used to style an HTML document
 Javascript: A high-level programming language of the Web




 Swift Playgrounds: Swift Playgrounds is an educational tool and develop-
ment environment for the Swift programming language developed by Apple
 App Inventor: An intuitive, visual programming environment that allows
everyone to build fully functional apps for smartphones and tablets
Teachers were asked how often they used particular teaching strategies/ap-
proaches in their coding classroom. These teaching strategies and themes emerged
from work by Sentance and Csizmadia (2017) where they grouped a series of
most commonly occurring themes used by teachers teaching computing in the
UK. They included:
 Unplugged type activities (activities away from the computer)
 Contextualisation of tasks (relating tasks to real-life)
 Collaborative learning (team work,peer mentor, collaboration)
 Developing computational thinking (algorithmic thinking, decomposition,
problem solving, abstraction)
 Scaffolding programming tasks (starting with simple code examples and
building complexity)
Teachers were asked how often they used particular formative assessment/s-
trategies in their coding classroom. Black and Wiliam (2009) define assessment
as being formative “to the extent that evidence about student achievement is
elicited, interpreted, and used by teachers, learners, or their peers, to make de-
cisions about the next steps in instruction that are likely to be better, or better
founded, than the decisions they would have taken in the absence of the evi-
dence that was elicited.”(p. 9) These formative assessment strategies emerged
from work by Wiliam and Leahy (2016) where they identified key strategies for
formative assessment. These were:
1. Clarifying and sharing learning intentions and criteria for success
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2. Engineering effective classroom discussions and other learning tasks that
elicit evidence of student understanding;
3. Providing feedback that moves learners forward;
4. Activating students as instructional resources for one another; and
5. Activating students as the owners of their own learning.
We mapped these formative assessment strategies into the following questions
in our survey:
 Please state how often you use the following formative assessment strate-
gies/approaches in your coding classroom [Sharing learning intentions]
 Please state how often you use the following formative assessment strate-
gies/approaches in your coding classroom [Developing success criteria]
 Please state how often you use the following formative assessment strate-
gies/approaches in your coding classroom [Students reflecting on their learn-
ing]
 Please state how often you use the following formative assessment strate-
gies/approaches in your coding classroom [Effective questioning]
 Please state how often you use the following formative assessment strate-
gies/approaches in your coding classroom [Formative feedback]
 Please state how often you use the following formative assessment strate-
gies/approaches in your coding classroom [Peer and self-assessment]
Because the PD sessions took place in five different locations an online ques-
tionnaire, using Google Forms, was selected to implement the questionnaire. The
Phase 1 and Phase 2 surveys are listed in Appendix A and Appendix B.
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4.5.2 Population and Sample
The new CS curriculum was introduced in the context of the reform of the Junior
Cycle program as a short course consisting of 100 hours of students engagement
over a three year period. The researcher was commissioned to develop this CS
curriculum and was collaborating with the national body responsible for the roll-
out of the CS curriculum, the Junior Cycle for Teachers (JCT). The researcher
and the JCT collaborated on development of a PD programme for teachers and
schools offering or planning to offer the short course in coding.
An expression of interest form was made available to all second-level schools in
Ireland (approx 750) in 2017 and 2019 allowing schools to register their interest
to participate in a two year PD programme. In 2017, 196 schools expressed an
interest in participating in the PD programme. In 2019, 80 schools expressed
an interest in participating in the PD programme. Fifty schools, 7% of second-
level schools, participated in Phase 1 of the PD programme which took place
over a two-year period from 2017-2019. Sixty-two schools, 8% of second-level
schools, participated in Phase 2 of the PD programme which took place over a
two-year period from 2019-2021. Each school was invited to select two teachers
for participation in the PD programme. Participants for this research study were
sourced from Phase 1 and Phase 2 of the study.
A within-subject pre and post test design was used for each phase of this study,
and participants from each cohort were invited to complete the questionnaire on
two separate occasions.
Phase 1 teachers were invited to complete the questionnaire after the first day
of the PD programme on October 9th 2017 and the questionnaire was available
for completion for six weeks.
They were then invited to complete the questionnaire on the final day of PD
programme Day 6, which took place on March 1st 2019 and the questionnaire
remained open until the end of March.
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Data were collected from 41 teachers (41%) enrolled in the programme at the
start of the PD programme and data were collected from 36 (36%) teachers at
the end of the PD programme. Paired data or matching data was available for 17
teachers, or 17%. The most significant change between Phase 1 and Phase 2 of the
research in terms of methodology, was revisiting the instrument administration
to increase response rates. Considering the small amount of paired data from
a potential cohort of 100 teachers, we sought to increase the response rate for
Phase 2. A number of strategies have been suggested by Cohen et al. (2000) to
improve response rates of online surveys such as informing the participants that
the research is serious and rigorous, make the instructions and questions clear and
easy to answer, state anonymity and non-traceability, keeping the survey short
(taking no more than 10-15 minutes to complete) and the use of multiple choice
type questions (select one by using a radio button).
In Phase 2, the questionnaire administration was integrated into the PD pro-
gramme. Teachers were invited to complete the questionnaire during the PD
sessions delivered during the week of October 7-10 2019. Teachers were invited
to complete the end of the PD programme questionnaire on conclusion of Day 3
of the PD programme during the week of February 24-27 2020. For Phase 2, data
were collected from 98 (82%) teachers enrolled in the programme at the start of
the PD programme and data was collected from 87 (73%) teachers at the end of
the PD programme. Paired data or matching paired data was acquired for 71
(59%) teachers.
4.6 Data Analysis
While quantitative data analysis is often associated with large-scale research,
it can also serve smaller scale investigations, according to Cohen et al. (2000),
including correlational research. Quantitative data collected in this study were
extracted first to Microsoft Excel and then imported into SPSS. Statistical tests in
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the context of Computer Science education were considered during the selection of
appropriate tests (López et al., 2015; Sanders et al., 2019). A series of tests were
conducted to determine whether the data were normally distributed including
quantile-quantile plots (Q-Q plots) and the Kolmogorov-Smirnov (K-S) tests.
The results of the histograms, graphs, and plots were visually checked and it was
confirmed through the K-S test results whether data were normally distributed
or not.
We conducted descriptive and inferential statistical tests on the questionnaire
measuring changes over the course of the PD programme. In order to compare
pre-test and post-test values a Wilcoxon signed-rank tests was utilised for Phase
1 and Phase 2 data. Bivariate correlational analyses (Field, 2013) were conducted
in order to assess the strength of the relationship between variables. As the data
were not normally distributed, we used a Spearman’s rank-order correlation test.
4.7 Validity
Shadish et al. (2002) identified four kinds of validity, construct validity (the valid-
ity of inferences made about the nature and manifestations of theoretical factors),
statistical conclusion validity (the use of approproate statistics to determine, for
example, correlation between intervention and outcome), internal validity (the va-
lidity of inferred and found relationships between elements of the research designs
and outcomes) and external validity (generalizability) (Cohen et al., 2000).
In their methodological review of Computer Science education research, Ran-
dolph et al. (2008), recommend that editors, reviewers, authors, funders and con-
sumers provide some kind of information about the reliability and validity of the
instruments they use. McGill and Xavier (2019) highlight the importance of va-
lidity to conducting effective research. López et al. (2015) describes the different
types of validity, content validity (whether or not the test covers a representative
sample of the variable to be measured), predictive or concurrent validity (the
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degree to which the variable of interest can be effectively predicted) and con-
struct validity (does the instrument robustly measure the constructs or concepts
in question) (Cohen et al., 2000; Creswell, 2002). Construct validity is referred to
as the “queen of the types of validity” (Cohen et al., 2000, pg. 256).There is evi-
dence in the literature of running confirmatory factor analysis (CFA) and factor
analysis to analyze data for construct validity with respect to questionnaires for
assessing self-concept and attitudes towards programming (Leifheit et al., 2020),
and for demonstrating construct validity for self-efficacy scales for CS teachers
participating on PD programmes (Zhou et al., 2020). In their study, Steinhorst
et al. (2020), revisited the Computer Programming Self-Efficacy Scale by Rama-
lingam and Wiedenbeck (Ramalingam and Wiedenbeck, 1998), and reported on
the development and validation of a new instrument measuring self-efficacy in
introductory programming in CS1. One threat to construct validity is the failure
to identify what is and is not included in the construct.
An initial principal component analysis (PCA) was conducted on 36 items with
direct oblimin rotation for Phase 2 post-test responses (N=87). The Kaiser–Meyer–Olkin
measure verified the sampling adequacy for the analysis, KMO = .871 (“great” ac-
cording to Field, (Field, 2013)). Bartlett’s test of sphericity χ2 (87) = 3581.290, p
< .000, indicated that correlations between items were sufficiently large for PCA.
However, the researcher decided not to conduct further PCA for two reasons:
1. Because the questionnaire was designed to measure self-efficacy for learn-
ing outcomes in a specific CS curriculum, and measure the use of specific
teaching and assessment strategies, the researcher felt construct validity was
closely tied to the constructs being measured with little opportunity for
removal of survey items
2. The sample size of 87 was small as 100 would be considered “poor” (Field,
2013, pg. 647) for further factor analysis.
With respect to content validity, which is concerned with if the items measure
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the content they were intended to measure, the author decided to measure the
self-efficacy for all twenty five learning outcomes in the survey instrument. In
earlier work, conducted outside the scope of this study, teachers’ self-efficacy was
measured at the strand level, rather than at the learning outcomes level of the CS
curriculum. This is a higher level of abstraction within the CS curriculum and
a strand includes multiple learning outcomes. The strand level measurements
were not capturing a comprehensive enough view of the entire CS curriculum,
hence the adjustment in this study. Once the survey questions were constructed,
they were piloted with a fellow educational researcher and reviewed with JCT to
ensure the appropriateness of the wording of the questions and structuring of the
sections in the survey. This process was conducted for Phase 1 and Phase 2 of
the research. Following this process, minor textual revisions were made to the
survey in Phase 1 and Phase 2.
4.8 Reliability
Cohen et al. (2000, pg. 268) describes reliability as “essentially an umbrella term
for dependability, consistency and replicability over time, over instruments and
over groups of respondents”. Randolph et al. (2008) recommended that edi-
tors, reviewers, authors, funders and consumers provide information about the
reliability of the instruments they use. For research to be reliable it must demon-
strate that if the research were carried out on a similar group of respondents in a
similar context, then similar results would be found (Cohen et al., 2000). Guba
et al. (1994) associate the notion of reliability with positivism and postpositivism.
Three principal types of reliability have been identified by Carmines and Zeller
(1979) as stability, equivalence and internal consistency. Stability reliability is
a measure of “consistency over time, over similar samples and over the uses of
the instrument in question” (Cohen et al., 2000, pg. 268). Equivalence reliability
for quantitative research is demonstrated when the equivalent form of the test or
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instrument is devised and yields similar results (Cohen et al., 2000, pg 269). The
third form of reliability is internal consistency, the Cronbach alpha, frequently
referred to simply as the alpha coefficient of reliability, or simply the alpha (Cron-
bach, 1951). The Cronbach alpha provides the correlation of each item with the
sum of all the other relevant items. While Field (2013) urges cautionary usage
of the Cronbach’s α, (Cortina, 1993), an α-value larger than 0.7 to 0.8 is gener-
ally regarded as an acceptable value and values substantially lower indicate an
unreliable scale. Cronbach (1951) suggested that if several factors exist then the
formula should be applied separately to items relating to different factors, which
is what the researcher did when conducting α values for Phase 1 and Phase 2 of
the research. Reliability tests were conducted using IBM SPSS Statistics to mea-
sure internal consistency using Cronbach’s alpha and are reported on in Chapter
5, Data Analysis and Results.
4.9 Ethics
Ethical approval for this study was granted by the appropriate ethics commit-
tee at the University of Limerick. The Research Ethics Committee must be
consulted about any research proposals which involve surveys or questionnaires
administered to individuals. The Research Ethics Committee is charged by the
University to consider the ethics of proposed research projects which will involve
human subjects and to agree or not, as is the case, as to whether the projected
research is ethical.
An application to conduct research through a teacher questionnaire was granted
in October 2017 (Application Reference: 2017 10 06 S&E). This research survey
was adapted into a pre and post survey for Phase 2 of the research. Approval was
granted for these surveys in July 2019 (Application Reference: 2017 10 06 S&E).
Each survey application was accompanied by a participant information sheet, a
participant informed consent sheet, a questionnaire explanatory cover letter, the
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survey questions and a recruitment email. Survey instrument, participant infor-
mation sheet, participant consent form and recruitment email for Phase 1 and
Phase 2 are listed in Appendix A and Appendix B respectively.
4.10 Summary
This chapter has provided a research methodology for the research study. By
providing a context for the research study, the philosophy for the research study
was outlined. The research study took the form of a nonexperimental correlational
design using a survey instrument. The design of the instrument was described and
details of the population and sample survey were provided. The most significant
change between Phase 1 and Phase 2 of the research methodology was a revisiting
of the instrument administration to increase response rates. The chapter also
addressed issues of validity, reliability and ethics. The following chapter, Data
Analysis and Results, will provide a statistical analysis of the data collected.
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Data Analysis and Results
5.1 Introduction
This research was conducted in two phases and involved two different cohorts
of lower-second level teachers that were participating on a two-year professional
development programme for a Computer Science curriculum. Data analysis and
results will be presented for the two separate cohorts of teachers and programmes
in Phase 1 and Phase 2. Cohort 1 is the teacher cohort associated with Phase 1
of the research and Cohort 2 is the teacher cohort associated with Phase 2 of the
research.
The PD for Phase 1 took place from September 2017 to May 2019. The PD
programme content is outlined in Table 5.1 and Table 5.2. The 6 PD days took
place over a two-year period. Each of the learning outcomes covered during the
two-year period is highlighted in the PD programme outline. The PD for Phase
2 took place from September 2019 to March 2020 and included 3 PD days (3
face-to-face days over a 1 year period). The PD programme content is outlined
in Table 5.3. In this chapter, the data analysis and results will first be presented
for Phase 1 and teacher Cohort 1. Following this, the data analysis and results




PD Day 1 - October 2017
Session 1: Introduction & Overview Curriculum overview
Session 2: Review lesson plans Intro to learning outcomes, De-
veloping lesson plans Learning
outcomes 1.4, 1.5 - Algorithms
Session 3: Development of lesson plan Participants develop their own
lesson plans for use in the class-
room
Industry Workshop 1 - November 2017
PD Day 2 - November 2017
Session 1: Skills Development - Scratch Scratch Coding - drawing shapes
and loops. Learning outcomes
1.5, 1.6, 1.7, 1.8, 3.3
Session 2: Pedagogical principals Formative Assessment, Reflec-
tive Practice
Session 3: Skills Development - HTML HTML and Bits and Bytes
Learning outcomes 2.1, 2.4, 2.5,
2.6
Industry Workshop 2 - December 2017
Industry Workshop 3 - January 2018
PD Day 3 - February 2018
Session 1: Skills Development - Scratch Game Design Learning outcomes
1.5, 1.6, 1.7, 3.5
Session 2: Assessment Assessment Guidelines
Session 3: Assessment Practice Assessment Group Exercise of
Game in Session 1




PD Day 4 - October 2018
Session 1: Skills Development - Python Learning outcomes 3.1, 3.3
Session 2 & 3: Sharing practice Sharing of practice with PD par-
ticipants
PD Day 5 - November 2018
Session 1: Skills Development - Python Turtle Graphics Learning out-
comes 3.5, 3.6, 3.7
Session 2: Assessment Assessment Strategies
Session 3: Skills Development Scratch,CSUnplugged Learning outcomes 1.5, 1.6, 2.5,
2.6, 3.1, 3.5
Industry Workshop 4 - November 2018
Industry Workshop 5 - December 2019
PD Day 6 - February 2019
All teachers gather for one day event that
includes 3 keynotes and 2 optional electives
on problem solving, Scratch, AppInventor and
Micro:bit




PD Day 1 - October 2019
Session 1: Introduction & Overview Curriculum overview
Session 2: Planning & Pedagogical approaches Intro to learning outcomes, De-
veloping lesson plans Learning
outcomes 1.4, 1.5 - Algorithms
Session 3: Skills Development HTML (Setting up a portfolio)
PD Day 2 - November 2019
Session 1: Pedagogical principals Formative Assessment, Reflec-
tive Practice
Session 2: Skills Development - Scratch Scratch Coding - drawing shapes
and loops. Learning outcomes
1.5, 1.6, 1.7, 1.8, 3.3
Session 3: Skills Development - Python Python Turtle Graphics Learn-
ing outcomes 1.6, 1.7, 3.5
Industry Workshop 1 - January 2019
PD Day 3 - February 2019
Session 1: Skills Development - Unplugged Bits and Bytes 2.5, 2.6
Session 2: Skills Development - Scratch Game Design Learning Out-
comes 1.5, 1.6, 1.7, 3.5
Session 3: Assessment Practice Assessment Group Exercise
Industry Workshop 2 - March 2020 (cancelled)
Table 5.3: Phase 2: PD Content Year 1
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5.2 Phase 1 Cohort 1 Data Collection and Analysis
During Phase 1, which took place during a two-year period, from September
2017 to May 2019, two surveys were administered to cohort 1 of teachers online
in October 2017 and March 2019. The surveys consisted of one pre-survey and
one post-survey administered at the end of Year 2 of the CS PD programme
(March 2019).
5.2.1 Reliability
Reliability coefficients were computed from the Phase 1 survey data using Cron-
bach’s alpha (Cronbach, 1951). Table 5.4 shows the Cronbach’s alpha values
for the learning outcomes, the teaching strategies and the formative assessment
strategies for the pre- and post-questionnaires. The high reliability coefficients
indicate reliable results on the measured scales with values between .767 and .973
(Field, 2013).
Scale Pre-Test (N=41) Post-Test (N=36)
Learning Outcomes .959 .973
Tools and Technologies .919 .892
Teaching Strategies/Approaches .874 .767
Assessment Strategies/Approaches .818 .804
Table 5.4: Reliability Analysis using Cronbach’s Alpha for Phase 1 Pre and Post test data
5.2.2 Self-Efficacy to Teach Learning Outcomes
Research Question 1 is:
What are the changes in teacher self-efficacy to teach learning outcomes after
attending a CS teacher PD programme?
To answer this research question, questionnaire responses were analysed to
understand:
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 RQ1a: What aspects of the curriculum do teachers have most confidence
teaching?
 RQ1b: What aspects of the curriculum do teachers have least confidence
teaching?
 RQ1c: How do confidence levels change over the course of the PD?
5.2.2.1 Teacher background information - Phase 1
In terms of the gender of Phase 1 teacher participants, 45% of teachers were
female and 55% were male (Fleming and McInerney, 2019).
5.2.2.2 What aspects of the curriculum do teachers have most confidence teach-
ing?
Considering the mean values for all teachers confidence levels at the start of the
PD programme and at the end of the PD programme, teachers had the highest
confidence levels to teach 1.1 (present and share examples of what computers
are used for and discuss their importance in modern society and in their lives),
1.2 (describe the main components of a computer system (CPU, memory, main
storage, I/O devices, buses) and 1.3 (explain how computers are devices for ex-
ecuting programs via the use of programming languages) at the start of the PD
programme. Similarly, for paired data, teachers are most confident teaching 1.1,
1.2 and 1.3 at the start of the PD programme.
At the end of the PD programme, teachers are most confident teaching 1.1, 1.2
and 1.3. While they had the most confidence teaching the same learning outcomes
at the start and at the end of the PD programme (1.1, 1.2 and 1.3), the confidence
levels decreased over the course of the PD programme for 1.1 but increased for
1.3, followed by 1.2. For paired data, teachers are most confident teaching 1.1, 1.2
and 1.3 at the start and end of the PD programme. While confidence levels did
not change for learning outcomes 1.1 and 1.2, teacher confidence levels decreased
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for learning outcome 1.3 by the end of the PD programme.
In summary, for non-paired and paired data, teachers had most confidence
teaching learning outcomes 1.1 (present and share examples of what computers
are used for and discuss their importance in modern society and in their lives),
1.2 (describe the main components of a computer system (CPU, memory, main
storage, I/O devices, buses)) and 1.3 (explain how computers are devices for
executing programs via the use of programming languages) at the start and at
the end of the PD programme.
5.2.2.3 What aspects of the curriculum do teachers have least confidence teach-
ing?
Considering the mean values for all teachers confidence levels at the start of the
PD programme and at the end of the PD programme, teachers had the least
confidence levels to teach 3.4 (describe program flow control, , e.g. parallel or
sequential flow of control – language dependent) 3.3 (demonstrate how functions
and/or procedures (definition and call) capture abstractions) , and 3.7 (analyse
code to determine its function and identify errors or potential errors) at the start
of the PD programme. See Figure 5.1.
For paired data, teachers are least confident teaching 3.4 (describe program
flow control, , e.g. parallel or sequential flow of control – language dependent), 2.7
(identify a topic or a challenge in Computer Science that inspires them), 3.3 and
2.3 (explain how search engines deliver results) at the start of the PD programme.
See Figure 5.2.
At the end of the PD programme, teachers are least confident teaching 3.4
(describe program flow control, e.g. parallel or sequential flow of control – lan-
guage dependent), followed by 2.7 (identify a topic or a challenge in Computer
Science that inspires them), 2.3 (explain how search engines deliver results) and
2.10 (convince their peers that an idea is worthwhile). For paired data, teachers
are least confident teaching 3.4, followed by 2.7 and 2.3 at the end of the PD
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Figure 5.1: Learning Outcome confidence change for non-paired data
programme.
In summary, teachers had least confidence teaching learning outcomes 3.4 (de-
scribe program flow control, , e.g. parallel or sequential flow of control – language
dependent), 3.3 (demonstrate how functions and/or procedures (definition and
call) capture abstractions) and 3.7 (analyse code to determine its function and
identify errors or potential errors) at the start of the PD. For paired data teachers
had least confidence teaching learning outcome 3.4, learning outcome 2.7 (identify
a topic or a challenge in Computer Science that inspires them), learning outcome
3.3 and learning outcome 2.3 (explain how search engines deliver results). Both
sets of data have least confidence teaching learning outcome 3.3 and 3.4 at the
start of the PD.
At the end of the PD, in both paired and non-paired data, teachers had least
confidence learning outcomes 3.4 (describe program flow control, , e.g. parallel
or sequential flow of control – language dependent) 2.7 (identify a topic or a
challenge in Computer Science that inspires them) and 2.3 (explain how search
engines deliver results).
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Figure 5.2: Learning Outcome confidence change for paired data
5.2.2.4 How do confidence levels change over the course of the PD?
The most significant changes in mean confidence levels to teach learning outcomes
between the start and end of the PD programme were for 3.7 (analyse code to
determine its function and identify errors or potential errors), 3.6 (present the
documented code to each other in small groups), 3.3 (demonstrate how functions
and/or procedures (definition and call) capture abstractions) and 3.5 (document
programs to explain how they work). The values of % increase, provides an
overview of a general trend for the whole group.
Combining confident and very confident percentages, these levels changed from
30% to 66% for learning outcome 3.7 between the pre and post questionnaire.
Similarly for learning outcome 3.6, confidence levels have changed from 34% to
66% and for learning outcome 3.3, confidence levels have changed from 22% to
50% and for learning outcome 3.5, confidence levels have changed from 34% to
67%. These percentage increases, of almost 50%, are significant increases in
confidence levels for the four learning outcomes, across all users. Details of these
rates of % increases in confidence levels are highlighted in Table 5.5.
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3.7 Analyse code to determine its function, identify errors
Pre 17% 22% 32% 20% 10%
Post 3% 11% 19% 58% 8%
3.6 present documented code to each other in small groups
Pre 15% 24% 27% 22% 12%
Post 3% 17% 14% 47% 19%
3.3 demonstrate how functions/procedures capture abstractions
Pre 22% 20% 37% 12% 10%
Post 6% 11% 33% 39% 11%
3.5 document programs to explain how they work
Pre 15% 22% 29% 24% 10%
Post 6% 14% 14% 47% 19%
Table 5.5: Percentage increase in confidence levels for non-paired data
For paired data, the most significant increases in mean confidence levels were
for 2.5 (explain how computers represent data using 1s and 0s), 2.6 (investigate
how drawings and photos are represented in computing devices), 2.7 (identify a
topic or a challenge in Computer Science that inspires them) and 2.8 (conduct
research on the topic/challenge).
Combining confidence and very confident percentages, these levels changed
from 53% to 82% for learning outcome 2.5 between the pre and post questionnaire.
Similarly for learning outcome 2.6, confidence levels have changed from 42% to
71% and for learning outcome 2.7, confidence levels have changed from 30% to
41% and for learning outcome 2.8, confidence levels have changed from 53% to
71%. Details of these rates of % increases in confidence levels for paired data are
highlighted in Table 5.7.
For learning outcome 2.5, explain how computers represent data using 1s and
0s, a Wilcoxon signed-rank test showed that confidence levels elicited a statisti-
cally significant change in confidence levels for teachers between the start and end
71
5.2 Phase 1 Cohort 1 Data Collection and Analysis
of the PD programme (Z = -2.165, p = 0.030). A medium effect size is observed
(r=.52).
For learning outcome 2.6, investigate how drawings/photos are represented
in devices, a Wilcoxon signed-rank test showed that confidence levels elicited a
statistically significant change in confidence levels for teachers between the start
and end of the PD programme (Z = -2.070, p = 0.038). A medium effect size is
observed (r=.50). See Table 5.6.
For learning outcome 2.7, identify a topic/challenge in CS that inspires stu-
dents, a Wilcoxon signed-rank test showed that confidence levels for learning
outcome 2.7 did not elicit a statistically significant change in confidence levels for
teachers between the start and end of the PD programme (Z = -1.588, p = 0.112).
For learning outcome 2.8, conduct research on the topic/challenge, a Wilcoxon
signed-rank test showed that confidence levels did not elicit a statistically signifi-
cant change in confidence levels for teachers between the start and end of the PD
programme (Z = -1.582, p = 0.114).
Learning Outcome Wilcoxon signed rank Z Sig. (2-tailed)
2.5 -2.165 p=.030
2.6 -2.070 p=.038
Table 5.6: Wilcoxen signed ranks test results for confidence levels between the start and end of
the PD programme for paired data (N=17)
The statistically significant changes for learning outcome 2.5 and 2.6 suggest
the coverage of these topics during the PD programme on day 2 had a positive
impact on teachers’ self-efficacy.
5.2.3 Self-Efficacy and Tools and Technologies
Research Question 2 is:
What are the changes in teacher self-efficacy to effectively use tools and tech-
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2.5 explain how computers represent data using 1s and 0s
Pre 0% 18% 29% 24% 29%
Post 0% 6% 12% 41% 41%
2.6 investigate how drawings/photos are represented in devices
Pre 0% 24% 35% 18% 24%
Post 0% 0% 29% 47% 24%
2.7 identify a topic/challenge in CS that inspires students
Pre 6% 24% 41% 18% 12%
Post 0% 6% 53% 24% 18%
2.8 conduct research on the topic/challenge
Pre 0% 29% 18% 41% 12%
Post 0% 6% 24% 53% 18%
Table 5.7: Percentage increase in confidence levels for paired data
nology after attending a CS teacher PD programme?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ2a: What tools and technologies are teachers most confident using effec-
tively?
 RQ2b: What tools and technologies are teachers least confident using effec-
tively?
 RQ2c: How does this confidence level change over the course of the PD?
5.2.3.1 What tools and technologies are teachers most confident using effectively?
Considering the mean values for all teachers confidence levels for effective use
of tools and technologies, confidence levels at the start of the PD programme
and at the end of the PD programme, teachers had the highest confidence levels
around effective use of Scratch, followed by Khan Academy, followed by Hour of
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Code at the start of the PD programme. Similarly, for paired data, teachers are
most confident around their effective use of Scratch, followed by Khan Academy,
followed by Hour of Code, at the start of the PD programme.
At the end of the PD programme, teachers are most confident around their
effective use of Scratch, followed by Khan Academy, followed by Hour of Code.
For paired data, teachers are most confident around their effective use of Scratch,
followed by Khan Academy, followed by Micro:Bit, at the end of the PD.
With respect to tools and technologies that were covered in the PD programme,
teachers had most confidence around effective use of Scratch, followed by HTM-
L/CSS at the start and at the end of the PD programme, for paired and non-
paired data.
In summary, teachers had most confidence around their effective use of Scratch,
Khan Academy and Hour of Code at the start and at the end of the PD pro-
gramme. For paired data teachers had most confidence around their effective
use of Scratch, Khan Academy and Hour of Code at the start of the PD and
teachers had most confidence around the effective use of Scratch, Khan Academy
and Micro:bit at the end of the PD programme.
Scratch was used as the introductory teaching tool during the PD programme
and covered during PD day 2, day 3 and day 6. Khan Academy and Hour of
Code were not covered during the PD. HTML/CSS was covered during PD day
2.
5.2.3.2 What tools and technologies are teachers least confident using effectively?
Considering the mean values for all teachers confidence levels for effective use of
tools and technologies, confidence levels at the start of the PD programme and
at the end of the PD programme, teachers had the least confidence levels around
the effective use of Arduino, followed by App Inventor, followed by Micro:Bit,
followed by Raspberry Pi at the start of the PD programme. For paired data,
teachers are least confident around their effective use of Micro:Bit, followed by
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Arduino, followed by CanSat, at the start of the PD programme.
At the end of the PD programme, teachers are least confident around their
effective use of Raspberry Pi, followed by Arduino, followed by CanSat. For
paired data, teachers are least confident around their effective use of Arduino,
followed by Raspberry Pi, followed by CanSat at the end of the PD.
With respect to tools and technologies that were covered in the PD programme,
teachers had least confidence around their effective use of Python, followed by
HTML/CSS at the start and at the end of the PD programme, for paired and
non-paired data.
In summary, while many teachers would have exposure to introductory pro-
gramming block-based tools such as Scratch, they clearly do not have much ex-
perience with hardware and electronic boards such as Arduino, Raspberry Pi and
Micro:bit, as indicated by their lack of confidence in effective use of these tools
and technologies.
5.2.3.3 How does this confidence level change over the course of the PD?
The most significant changes in mean confidence levels around effective use of
tools and technologies between the start and end of the PD programme were for
the Micro:bit, App Inventor and Python. See Figure 5.3.
The values of % increase, provides an overview of a general trend for the
whole group. Combining confident and very confident percentages, these levels
changed from 14% to 50% for Micro:bit. For App Inventor, confidence levels have
changed from 9% to 28% and for Python, confidence levels changed from 21% to
33%. Details of these rates of % increases in confidence levels are highlighted in
Table 5.8.
For paired data the most significant increases in mean confidence levels were
for Micro:bit and Python. See Figure 5.4. The values of % increase for paired
data, provides an overview of a general trend for the whole group. Combining
confident and very confident percentages, these levels changed from 12% to 47%
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Pre 51% 19% 17% 9% 5%
Post 6% 14% 31% 28% 22%
App Inventor
Pre 54% 20% 17% 2% 7%
Post 19% 25% 28% 11% 17%
Python
Pre 44% 14% 22% 9% 12%
Post 14% 22% 31% 25% 8%
Table 5.8: Percentage increase in confidence levels for technology and tools
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Figure 5.4: Tools/Technologies confidence change for paired data
Micro:bit. For Python, confidence levels have changed from 29% to 41% and for
CanSat, confidence levels have changed from 0% to 12%. Details of these rates
of % increases in confidence levels are highlighted in Table 5.9.
For Micro:bit, a Wilcoxon signed-rank test showed that effective use of the
Micro:bit confidence levels elicited a statistically significant change for teachers
between the start and end of the PD programme (Z = -3.223 p = 0.001). A large
effect size is observed (r=.78). For Python, a Wilcoxon signed-rank test showed
that effective use of Python confidence levels elicited a statistically significant
change for teachers between the start and end of the PD programme (Z = -2.074,
p = 0.038). A medium effect size is observed (r=.50). See Table 5.10.
In summary, the most significant changes in mean confidence levels around
effective use of tools and technologies between the start and end of the PD pro-
gramme were for Micro:bit, App Inventor and Python. For paired data, the most
significant changes in mean confidence levels around effective use of tools and
technologies between the start and end of the PD programme were for Micro:bit
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Pre 59% 18% 12% 12% 0%
Post 6% 18% 29% 18% 29%
Python
Pre 47% 12% 12% 24% 6%
Post 6% 35% 18% 24% 18%
CanSat
Pre 29% 47% 24% 0% 0%
Post 47% 18% 24% 6% 6%
Table 5.9: Percentage increase in confidence levels for technology and tools for paired data
Technology Wilcoxen signed rank Z Sig. (2-tailed)
Micro:bit -3.223 p=.001
Python -2.078 p=.038
Table 5.10: Wilcoxen signed ranks test results for Tools and Technologies between the start and
end of the PD programme for paired data (N=17)
and Python.
5.2.4 Self-Efficacy Scores
Research Question 3 is:
What are the changes and correlations between teacher self-efficacy scores?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ3a: How do teacher confidence level scores for effective use of tools and
technologies, for their ability to teach programming and non-programming
aspects of the CS curriculum change over the course of the PD
 RQ3b: How do teacher confidence level scores for effective use of tools and
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technologies, for their ability to teach programming and non-programming
aspects of the CS curriculum relate to each other?
5.2.4.1 How do confidence level scores change over the course of the PD?
In this section we look at changes of confidence levels scores for the effective use of
tools and technologies and teacher’s confidence level scores to teach programming
and non-programming aspects of the CS curriculum.
Three scores were calculated around teacher confidence levels.
1. A score was calculated for teachers confidence levels around effective use
of tools and technologies. This score calculation only included score values
for tools and technologies that were covered during the PD. These included
Scratch, HTML/CSS and Python. This score is called UseTech.
2. A score was calculated for teachers confidence levels to teach learning out-
comes not associated with programming in the specification. These include
learning outcomes (1.1-1.3, 2.1-2.3, 2.5-2.10, 3.4-3.6). This score is called
NonProgScore.
3. A score was calculated for teachers confidence levels to teach learning out-
comes associated with programming in the specification. These include
learning outcomes (1.4-1.8, 2.4, 3.1-3.3 and 3.7). This score is called ProgScore.
82% of teachers reported an increase or no change in confidence levels around
their effective use of tools and technologies, UseTech. 71% of teachers reported
an increase or no change in confidence levels around teaching programming re-
lated learning outcomes in the specification, ProgScore. 59% of teachers reported
no change or an increase in confidence levels around teaching non-programming
related learning outcomes in the specification, NonProgScore.
Over half of all teachers, 53%, reported an increase in confidence levels across
all three scores. Only 12% of teachers reported a decrease across all three scores.
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The three scores comprised an increase in confidence levels around their effec-
tive use of tools and technologies score, UseTech, an increase in confidence lev-
els for non-programming related learning outcomes in the CS curriculum, Non-
ProgScore, and an increase in confidence levels for programming related learning
outcomes in the CS specification, ProgScore.
For the effective use of tools and technologies score, UseTech, a Wilcoxon
signed-rank test showed that teacher confidence levels elicited a statistically sig-
nificant increase for teachers between the start and end of the PD programme
(Z=-2.006, p=.045). A medium effect size is observed (r=.48).
The programming score, ProgScore and non programming score, NonProgScore,
did not elicit a statistically significant change in confidence levels between the
start and end of the PD programme. See Table 5.11.
Score Wilcoxon signed rank Z Sig. (2-tailed)
UseTech -2.006 p=.045
Table 5.11: Wilcoxen signed ranks test results for Confidence Scores between the start and end
of the PD programme for paired data (N=17)
In summary, teachers confidence level changes around the effective use of tools
and technologies between the start and end of the PD programme was statistically
significant. 53% of teachers demonstrated an increase in confidence across all
three scores of UseTech, ProgScore and NonProgScore.
5.2.4.2 How do confidence level scores relate to each other?
The researcher investigated if teachers that scored well on their effective use of
tools and technology confidence level scores also scored well in their confidence
levels to teach programming and non-programming learning outcomes.
As the data did not come from a normally distributed population, a Pearson
correlation was not suitable for the data. In this case a Spearman’s rank-order
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correlation was used, which is the non-parametric equivalent of the Pearson’s
correlation. A Spearman’s rank-order correlation was run to determine the rela-
tionship between 17 teachers’ confidence level scores for their
1. Effective use of tools and technologies
2. Teaching programming related learning outcomes from the CS curriculum
3. Teaching non-programming related learning outcomes from the CS curricu-
lum
At the start of the PD programme, there was a strong positive correlation be-
tween the effective use of tools and technologies confidence score and teaching pro-
gramming related learning outcomes confidence score, which was statistically sig-
nificant (rs(17) = .506, p=.038). There was a strong positive correlation between
the confidence levels scores to teach programming and non-programming related
learning outcomes, which was statistically significant (rs(17) = .816, p=.001).
See Table 5.12.
UseTech ProgScore Non Prog Score
UseTech rs 1.000 .506* .443
p-value .038 .075
ProgScore rs .506* 1.000 .816**
p-value .038 .001
NonProgScore rs .443 .816** 1.000
p-value .075 .001
Table 5.12: Spearman’s rank order correlation at the start of the PD programme
(N=17;*=correlation significant at p<0.05;**=correlation significant at p<0.01;)
At the end of the PD programme, there was a strong, positive correlation
between the effective use of tools and technologies confidence score and the confi-
dence score for teaching programming related learning outcomes, which was sta-
tistically significant at the .01 level (2-tailed test) (rs(17)=.663, p=.004). There
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was a strong, positive correlation between the effective use of tools and tech-
nologies confidence score and the confidence score for teaching non-programming
related learning outcomes, which was statistically significant at the .05 level (2-
tailed test) (rs(17) =.583, p=.014). There was a strong, positive correlation be-
tween confidence score for teaching programming related learning outcomes and
the confidence score for teaching non-programming related learning outcomes,
which was statistically significant at the .01 level (2-tailed test) (rs(17) =.771,
p=.001). See Table 5.13.
In summary, at the start of the PD there was a strong positive correlation be-
tween the UseTech score and the ProgScore meaning that as teacher’s confidence
to effectively use tools and technologies increases so to does their confidence to
teach programming related learning outcomes in the CS curriciulum. There was
also a strong positive correlation between the ProgScore and the NonProgScore
meaning that as teacher’s confidence levels around teaching programming aspects
of the CS curriculum increased, so too did their confidence levels around teaching
non-programming learning outcomes in the CS curriculum.
At the end of the PD there was a strong positive correlation between UseTech-
Score and the ProgScore and the NonProgScore, meaning that as teacher’s con-
fidence levels around effective use of tools and technologies increased, so too
did their confidence levels increase to teach programming and non-programming
related learning outcomes in the CS curriculum. There was also a strong pos-
itive correlation between the ProgScore and the NonProgScore, meaning that
as teacher’s confidence levels to teach programming related learning outcomes
in the CS curriculum increased, so too do their confidence levels to teach non-
programming related learning outcomes in the CS specification increase.
5.2.5 Teaching Strategies/approaches
Research Question 4 is:
How do the changes in teacher self-efficacy relate to their use of teaching
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UseTech ProgScore Non Prog Score
UseTech rs 1.000 .663** .583*
p-value .004 .014
ProgScore rs .663** 1.000 .771**
p-value .004 .001
NonProgScore rs .583* .771** 1.000
p-value .014 .001
Table 5.13: Spearman’s rank order correlation at the end of the PD programme
(N=17;*=correlation significant at p<0.05;**=correlation significant at p<0.01;)
strategies?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ4a: How do teaching strategies/approaches change during the PD pro-
gramme?
 RQ4b: How do teaching strategies/approaches relate to each other at the
end of the PD programme?
 RQ4c: How do confidence level scores relate to teaching strategies
5.2.5.1 How do Teaching Strategies/Approaches change during the PD programme?
The researcher examined if there is a difference in teacher’s use of teaching strate-
gies/approaches in their classroom between the start and end of the PD pro-
gramme. The researcher examined the change in teaching strategies/approaches
across five different areas. These five themes emerged in a study conducted
by Sentance and Csizmadia (2017) as successful teaching strategies/approaching
used in CS classrooms. They include
1. Unplugged activities
2. Contextualization of tasks (relating tasks to real life)
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3. Collaborative learning
4. Developing computational thinking
5. Scaffolding programming tasks
Considering the use of unplugged activities in the classroom, combining “Of-
ten” and “Always” usage, this actually decreased between the start and end of
the PD programme, going from 65% to 47%. See Figure 5.5.
Considering the use of contextualization of tasks in the classroom, combining
“Often” and “Always” usage, this values actually stays the same between the
start and end of the PD programme, at 71%. See Figure 5.6.
Considering the use of collaborative learning in the classroom, combining “Of-
ten” and “Always” usage, this values actually decreases from the start and the
end of the PD programme, going from 76% to 71%. See Figure 5.7.
Considering the use of a teaching strategy to develop computational thinking
in the classroom, combining “Often” and “Always” usage, this values actually
increases from the start and the end of the PD programme, going from 53% to
82%. See Figure 5.8.
Considering the use of a teaching strategy to scaffold programming tasks in the
classroom, combining “Often” and “Always” usage, this values actually increases
from the start and the end of the PD programme, going from 71% to 94%. See
Figure 5.9.
There was no statistically significant increase in use of teaching strategies/ap-
proaches between the start and end of the PD.
Combining “Often” and “Always” usage of teaching strategies at the end of
the PD programme, the order of frequency of usage was scaffolding program-
ming tasks (94%), developing CT (82%), followed by collaborative learning and
contextualization of tasks (71%) followed by Unplugged teaching strategies.
In summary, the use of unplugged and collaborative learning teaching ap-
proaches/strategies actually decreased between the start and end of the PD pro-
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Figure 5.5: How often teachers use unplugged type activities in the classroom
Figure 5.6: How often teachers use contextualisation of tasks in the classroom
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Figure 5.7: How often teachers use collaborative learning in the classroom
Figure 5.8: How often teachers use a teaching approach to develop computational thinking in
the classroom
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Figure 5.9: How often teachers use a teaching approach to scaffold programming tasks in the
classroom
gramme. There was no change in the use of contextualization of tasks between
the start and end of the PD programme. Only scaffolding programming tasks
and developing computational thinking teaching strategies/approaches increased
during the PD programme.
On completion of the PD programme, teachers were asked if their teaching
approach had changed as a result of the PD programme. 89% of teachers said
yes. When they were asked in what way their teaching approach had changed as
a result of the PD programme, in the 83% of respondents that provided responses
to this question, 27% (N=8) included the word “confidence” or “confident” in a
positive sense as evidenced in the quotes below:
I have gained confidence and knowledge.
More confident in knowing that I sometimes don’t have all the answers straight
away
Somewhat more confident - got some good ideas!
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5.2.5.2 How do Teaching Strategies/Approaches relate to each other?
The next research question addressed was how do teaching strategies/approaches
relate to each other on completion of the PD programme.
A Spearman’s rank-order correlation was run to determine the relationship
between the 5 teaching approaches/strategies.
1. Unplugged activities
2. Contextualization of tasks (relating tasks to real life)
3. Collaborative learning
4. Developing computational thinking
5. Scaffolding programming tasks
At the end of the PD programme, there was a strong, positive correlation be-
tween the use of developing computational thinking in the classroom and the use
of unplugged activities which was statistically significant at the .05 level (2-tailed
test) (rs(17)= .560, p=.019). There was a strong, positive correlation between
the use of developing computational thinking in the classroom and the use of
collaborative learning which was statistically significant at the .05 level (2-tailed
test) (rs(17)=.569, p=.017). There was a strong, positive correlation between the
use of developing computational thinking in the classroom and the use of scaffold-
ing programming tasks which was statistically significant at the .05 level (2-tailed
test) (rs(17)=.572, p=.016). There was a strong, positive correlation between the
use of contextualization of tasks and the use of scaffolding programming tasks
which was statistically significant at the .05 level (2-tailed test) (rs(17)=.553,
p=.021). See Table 5.14.
In summary, teachers increased use of contextualization of tasks teaching strat-
egy also led to their increased use of scaffolding programming teaching approaches
in the classroom. Also, as teacher’s use of developing computational thinking
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UP CoT CL CT SPT
Unplugged(UP) rs 1.000 .244 .000 .560* .041
p-value .345 1.000 .019 .876
Contextualization
of Tasks(CoT)
rs .244 1.000 .242 .280 .553*
p-value .345 .350 .277 .021
Collaborative
Learning (CL)
rs .000 .242 1.000 .569* .410
p-value 1.000 .350 .017 .102
Computational
Thinking (CT)
rs .560* .280 .569* 1.000 .572*




rs .041 .553* .410 .572* 1.000
p-value .876 .021 .102 .016
Table 5.14: Spearman’s rank order correlation for teaching strategies/approaches at the end
of the PD programme (N=17;*=correlation significant at p<0.05;**=correlation significant at
p<0.01;)
skills in the classroom increased, so too did their use of unplugged teaching
strategies, their use of collaborative learning teaching strategies and their use
of scaffolding programming teaching approaches.
5.2.5.3 How do Confidence Level Scores relate to Teaching Strategies/Approaches?
The next research question addressed was how do confidence level scores relate
to teaching strategies/approaches on completion of the PD programme.
A Spearman’s rank-order correlation was run to determine the relationship
between the effective use of tools and technologies confidence score, the confidence
level scores to teach programming and non programming learning outcomes with
teaching strategies/approaches. The scores were compared for values at the end
of the PD programme.
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At the end of the PD programme, there was a strong positive correlation
between the effective use of tools and technologies score and the use of developing
computational thinking strategies/approaches in the coding classroom, which was
statistically significant at the .05 level (2-tailed test) (rs(17)=.580, p=.015).
There was also a strong positive correlation between the confidence level score
for teaching programming learning outcomes in the CS specification and the use of
developing computational thinking strategies/approaches in the coding classroom
which was statistically significant at the .05 level (2-tailed test) (rs(17)=.601,
p=.011). See Table 5.15.
In summary, as teacher’s confidence levels around effective use of tools and
technologies increased, their use of computational thinking teaching strategies
in the classroom increased. As teachers confidence levels to teach programming
related learning outcomes in the CS curriculum increased, their use of computa-
tional thinking teaching strategies in the classroom increased.
CT UseTech ProgScore
Computational Thinking (CT) rs 1.000 .580* .601*
p-value .015 .011
Table 5.15: Spearman’s rank order correlation for confidence level scores and the use of CT
strategies in the classroom at the end of the PD programme (N=17;*=correlation significant at
p<0.05;)
5.2.6 Assessment Strategies
Research Question 5 is:
How do the changes in teacher self-efficacy relate to their use of assessment
strategies?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ5a: How do assessment strategies change during the PD programme?
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 RQ5b: How do assessment strategies relate to each other at the end of the
PD programme?
 RQ5c: How do confidence level scores relate to assessment strategies?
5.2.6.1 How do Assessment Strategies change during the PD programme?
The researcher examined if there is a difference in teachers use of assessment
strategies in their classroom between the start and end of the PD programme.
The researcher examined the change in formative assessment strategies across six
different areas. They include
1. Sharing learning intentions
2. Developing success criteria
3. Students reflecting on their learning
4. Effective questioning
5. Formative feedback
6. Peer and self-assessment
Considering the use of sharing learning intentions assessment strategy, com-
bining “Often” and “Always” usage, this values decreases between the start and
the end of the PD programme, going from 82% to 76%. See Figure 5.10.
Considering the use of developing success criteria assessment strategy, com-
bining “Often” and “Always” usage, this values increases between the start and
the end of the PD programme, going from 59% to 76%. See Figure 5.11.
Considering the use of students reflecting on their learning assessment strategy,
combining “Often” and “Always” usage, this values increases between the start
and the end of the PD programme, going from 65% to 82%. See Figure 5.12.
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Figure 5.10: How often teachers use sharing learning intentions assessment strategy in the
classroom
Considering the use of effective questioning assessment strategy, combining
“Often” and “Always” usage, this values decrease between the start and the end
of the PD programme, going from 88% to 82%. See Figure 5.13.
Considering the use of formative feedback assessment strategy, combining “Of-
ten” and “Always” usage, this value increases between the start and the end of
the PD programme, going from 65% to 82%. See Figure 5.14.
Considering the use of peer and self assessment strategy, combining “Often”
and “Always” usage, this value increases between the start and the end of the
PD programme, going from 59% to 70%. See Figure 5.15.
There was no statistically significant increase in use of assessment strategies
between the start and end of the PD.
Combining “Often” and “Always” usage of assessment strategies at the end of
the PD programme, the order of frequency of usage is students reflecting on their
learning, effective questioning, formative feedback (82%) followed by the use of
sharing learning intentions and developing success criteria (76%) followed by peer
and self-assessment assessment strategies (70%).
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Figure 5.11: How often teachers use developing success criteria assessment strategy in the
classroom
Figure 5.12: How often teachers use student reflecting on their learning assessment strategy in
the classroom
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Figure 5.13: How often teachers use effective questioning assessment strategy in the classroom
Figure 5.14: How often teachers use formative feedback assessment strategy in the classroom
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Figure 5.15: How often teachers use peer and self assessment strategy in the classroom
In summary, the use of sharing learning intentions and effective questioning
assessment strategies decreased between the start and end of the PD programme.
The use of developing success criteria, students reflecting on their learning, for-
mative feedback and peer and self-assessment assessment strategies increased be-
tween the start and end of the PD programme.
5.2.6.2 How do Assessment Strategies relate to each other?
The next research question addressed was how do assessment strategies relate to
each other on completion of the PD programme.
A Spearman’s rank-order correlation was run to determine the relationship
between the 6 teaching approaches/strategies.
1. Sharing learning intentions
2. Developing success criteria
3. Students reflecting on their learning
4. Effective questioning
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5. Formative feedback
6. Peer and self-assessment
At the end of the PD programme, there was a strong, positive correlation
between the use of sharing learning intentions assessment strategies and peer and
self-assessment which was statistically significant at the .05 level (2-tailed test)
(rs(17)= .486, p=.048). There was a strong, positive correlation between the
developing success criteria and students reflecting on their learning which was
statistically significant at the .05 level (2-tailed test) (rs(17)=.501, p=.040). See
Table 5.16.
SLI PSA DSC SR EQ FF
Sharing Learning
Intentions (SLI)
rs 1.000 .486* .132 -.118 -.004 .462
p-value .048 .613 .652 .987 .062
PeerSelf Asess-
ment (PSA)
rs .486* 1.000 .251 .384 .144 .466




rs .132 .251 1.000 .501* .375 .306
p-value .613 .332 .040 .138 .233
Students Re-
flecting (SR)
rs -.118 .384 .501* 1.000 .463 .320
p-value .652 .128 .040 .061 .211
Effective Ques-
tioning (EQ)
rs -.004 .144 .375 .463 1.000 .332
p-value .987 .581 .138 .061 .193
Formative Feed-
back (FF)
rs .462 .466 .306 .320 .332 1.000
p-value .062 .059 .233 .211 .193
Table 5.16: Spearman’s rank order correlation for assessment approaches at the end of the PD
programme (N=17;*=correlation significant at p<0.05;**=correlation significant at p<0.01;)
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In summary, teachers increased use of sharing learning intentions assessment
strategy also led to their increased use of peer and self-assessment strategies
in the classroom. Also, as teacher’s use of developing success criteria assessment
strategy in the classroom increased, so too did students reflecting on their learning
assessment strategy increase.
5.2.6.3 How do Confidence Level Scores relate to Assessment Strategies?
The next research question addressed was how do confidence level scores relate
to assessment strategies on completion of the PD programme.
A Spearman’s rank-order correlation was run to determine the relationship
between the effective use of tools and technologies confidence score, the confidence
level scores to teach programming and non programming learning outcomes with
six assessment strategies. The scores were compared for values at the end of the
PD programme.
At the end of the PD programme, there was a strong positive correlation
between the effective use of tools and technologies score and the use of shared
learning intentions assessment strategies, which was statistically significant at
the .05 level (2-tailed test) (rs(17)=.553, p=.028). There was a strong positive
correlation between the effective use of tools and technologies score and the use of
students reflecting on their learning assessment strategy, which was statistically
significant at the .05 level (2-tailed test) (rs(17)=.489, p=.046). There was a
strong positive correlation between the effective use of tools and technologies score
and the use of peer and self assessment strategy, which was statistically significant
at the .05 level (2-tailed test) (rs(17)=.491, p=.046). There was also a strong
positive correlation between the confidence level score for teaching programming
learning outcomes in the CS specification and the use of peer and self-assessment
which was statistically significant at the .05 level (2-tailed test) (rs(17)=.564,
p=.018). See Table 5.17.
There was no significant correlation between the confidence level score for
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teaching non-programming learning outcomes in the CS specification and assess-
ment strategies.
UseTech ProgScore
Sharing Learning Intentions rs .553* .378
p-value .028 .135
Students Reflecting rs .489* .298
p-value .046 .245
PeerSelf Asessment rs .491* .564*
p-value .046 .018
Table 5.17: Spearman’s rank order correlation for confidence level scores and the use of CT
strategies in the classroom at the end of the PD programme (N=17;*=correlation significant at
p<0.05;)
In summary, as teacher’s confidence levels around effective use of tools and
technologies increased, their use of sharing learning intentions, students reflecting
on their learning and peer and self-assessment as assessment strategies increased.
As teachers confidence levels to teach programming related learning outcomes in
the CS curriculum increased, their use of peer and self-assessment increased.
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5.3 Phase 2 Cohort 2 Data Collection and Analysis
During Phase 2, which took place during a one year PD programme from Septem-
ber 2019 to May 2020, two surveys were administered to cohort 2 of teachers
online in October 2019 and March 2020. The surveys consisted of one pre-survey
and one post-survey administered at the end of Year 1 of the PD (March 2020).
For Phase 2, additional teacher background information such as their number
of years of teaching experience and their subject area expertise was gathered.
For Phase 2, 120 teachers (2 teachers participating from 60 schools) partici-
pated in the PD programme over the course or a two-year period. The confidence
levels were initially recorded at the start of a PD programme in October 2019
(98 responses) and in March 2020 on conclusion of year 1 of the PD programme
(87 responses). We were able to match 71 responses from the start of the PD
programme and conclusion of the PD programme.
5.3.1 Reliability
Reliability coefficients were computed from the Phase 2 survey data using Cron-
bach’s alpha. Table 5.18 shows the Cronbach’s alpha values for the learning
outcomes, the teaching strategies and the formative assessment strategies for the
pre- and post-questionnaires. The high reliability coefficients indicate reliable
results on the measured scales with values between .906 and .972.
Scale Pre-Test Post-Test
Learning Outcomes .972 .969
Tools and Technologies .921 .920
Teaching Strategies/Approaches .906 .909
Assessment Strategies/Approaches .955 .936
Table 5.18: Reliability Analysis using Cronbach’s Alpha for Phase 2 Pre and Post test data
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5.3.2 Self-Efficacy to Teach Learning Outcomes
Research Question 1 is:
What are the changes in teacher self-efficacy to teach learning outcomes after
attending a CS teacher PD programme?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ1a: What aspects of the curriculum do teachers have most confidence
teaching?
 RQ1b: What aspects of the curriculum do teachers have least confidence
teaching?
 RQ1c: How do confidence levels change over the course of the PD?
5.3.2.1 Teacher background information - Phase 2
We gathered demographic information about teachers for the Phase 2 cohort at
the start of the PD programme. As we can see from Table 5.19 only 20% of
teachers had less than five years teaching experience.








Table 5.19: Phase 2 Number of years teaching
In terms of the most popular subject areas that teachers had experience in,
45% of teachers were mathematics teachers followed by 40% ICT teachers followed
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Technical Graphics 17 17.3
Business Studies 15 15.3
Materials Technology (Wood) 13 13.3
History 12 12.2
Table 5.20: Phase 2 subjects taught
5.3.2.2 What aspects of the curriculum do teachers have most confidence teach-
ing?
Considering the mean values for all teachers confidence levels at the start of the
PD programme and at the end of the PD programme, teachers had the highest
confidence levels to teach 1.1 (present and share examples of what computers
are used for and discuss their importance in modern society and in their lives),
1.2 (describe the main components of a computer system (CPU, memory, main
storage, I/O devices, buses) and 1.3 (explain how computers are devices for ex-
ecuting programs via the use of programming languages) at the start of the PD
programme. Similarly, for paired data, teachers are most confident teaching 1.1,
1.2 and 1.3 at the start of the PD programme.
At the end of the PD programme, teachers are most confident teaching 1.1,
1.2 and 1.3. For paired data, teachers are most confident teaching 1.1, 1.2 and
1.3 at the start and end of the PD programme.
In summary, for non-paired and paired data, teachers had most confidence
teaching learning outcomes 1.1, present and share examples of what computers
are used for and discuss their importance in modern society and in their lives,
1.2, describe the main components of a computer system (CPU, memory, main
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storage, I/O devices, buses, and 1.3, explain how computers are devices for exe-
cuting programs via the use of programming languages, at the start and at the
end of the PD programme.
5.3.2.3 What aspects of the curriculum do teachers have least confidence teach-
ing?
Considering the mean values for all teachers confidence levels at the start of the
PD programme and at the end of the PD programme, teachers had the least
confidence levels to teach 3.4 (describe program flow control, , e.g. parallel or
sequential flow of control – language dependent) 3.3 (demonstrate how functions
and/or procedures (definition and call) capture abstractions) , and 3.1 (creatively
design and write code for short programming tasks to demonstrate the use of
operators for assignment, arithmetic, comparison, and Boolean combinations) at
the start of the PD programme. See Figure 5.16.
For paired data, teachers are least confidence teaching 3.4 (describe program
flow control, , e.g. parallel or sequential flow of control – language dependent),
3.3 (demonstrate how functions and/or procedures (definition and call) capture
abstractions) and 3.1 (creatively design and write code for short programming
tasks to demonstrate the use of operators for assignment, arithmetic, comparison,
and Boolean combinations) and 3.2 (complete short programming tasks using
basic linear data structures (e.g. array or list))at the start of the PD programme.
See Figure 5.17. At the end of the PD programme, teachers are least confident
teaching 3.3 (demonstrate how functions and/or procedures (definition and call)
capture abstractions), followed by 3.4 and 3.5. For paired data, teachers are least
confident teaching 3.3 (demonstrate how functions and/or procedures (definition
and call) capture abstractions), followed by 3.4 and 3.2 at the end of the PD
programme.
In summary, teachers had least confidence teaching learning outcomes asso-
ciated with learning outcome 3.4, parallel or sequential flow of control, learning
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Figure 5.16: Learning Outcome confidence change for non-paired data
outcome 3.3, demonstrating how functions/procedures capture abstractions and
learning outcome 3.1, at the start of the PD. For paired data teachers had least
confidence teaching learning outcome 3.4, parallel or sequential flow of control,
learning outcome 3.3 demonstrating how functions/procedures capture abstrac-
tions and learning outcome 3.1. Both sets of data have least confidence teaching
learning outcome 3.3 and 3.4 and 3.1 at the start of the PD. At the end of the
PD, in both paired and non-paired data, teachers had least confidence teaching
learning outcomes 3.3 and 3.4 Both sets of data have least confidence teaching
3.3 and 3.4 at the end of the PD.
5.3.2.4 How do confidence levels change over the course of the PD?
The most significant changes in mean confidence levels to teach learning outcomes
between the start and end of the PD programme were for 2.6, 2.5 and 2.4. The
values of % increase, provides an overview of a general trend for the whole group.
Combining confident and very confident percentages, these levels changed from
18% to 53% for learning outcome 2.6 between the pre and post questionnaire.
Similarly for learning outcome 2.5, confidence levels have changed from 28% to
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Figure 5.17: Learning Outcome confidence change for paired data
56% and for learning outcome 2.4, confidence levels have changed from 25% to
44%. These percentage increases, of almost 50%, are significant increases in
confidence levels for the three learning outcomes, across all users. Details of
these rates of % increases in confidence levels are highlighted in Table 5.21.
For paired data, the most significant increases in mean confidence levels were
for 2.6, 2.5 and 2.4. Combining confident and very confident percentages, these
levels changed from 19% to 52% for learning outcome 2.6 between the pre and
post questionnaire. Similarly for learning outcome 2.5, confidence levels have
changed from 26% to 55% and for learning outcome 2.4, confidence levels have
changed from 24% to 42%. Details of these rates of % increases in confidence
levels for paired data are highlighted in the Table 5.23.
For learning outcome 2.6, investigate how drawings/photos are represented
in devices, a Wilcoxon signed-rank test showed that confidence levels elicited a
statistically significant change in confidence levels for teachers between the start
and end of the PD programme (Z = -5.622, p = .001). A medium effect size is
observed (r=.47).
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2.6 investigate how drawings and photos are represented in computing devices
Pre 23% 22% 36% 13% 5%
Post 1% 10% 36% 33% 20%
2.5 explain how computers represent data using 1s and 0s
Pre 21% 21% 29% 21% 7%
Post 1% 11% 31% 33% 23%
2.4 build a website using HTML and CSS to showcase their learning
Pre 29% 24% 21% 18% 7%
Post 7% 20% 30% 24% 20%
Table 5.21: Percentage increase in confidence levels for non-paired data




Table 5.22: Wilcoxon signed ranks test results for confidence levels between the start and end
of the PD programme for paired data (N=71)
For learning outcome 2.5, explain how computers represent data using 1s and
0s, a Wilcoxon signed-rank test showed that confidence levels elicited a statisti-
cally significant change in confidence levels for teachers between the start and end
of the PD programme (Z = -5.392, p = .001). A medium effect size is observed
(r=.45)
For learning outcome 2.4, build a website using HTML and CSS to showcase
their learning, a Wilcoxon signed-rank test showed that confidence levels elicited
a statistically significant change in confidence levels for teachers between the start
and end of the PD programme (Z = -4.716, p = .001). A medium effect size is
observed (r=.39). See Table 5.22.
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2.6 investigate how drawings and photos are represented in computing devices
Pre 24% 21% 37% 13% 6%
Post 1% 11% 35% 32% 20%
2.5 explain how computers represent data using 1s and 0s
Pre 20% 20% 34% 18% 8%
Post 1% 13% 31% 32% 23%
2.4 build a website using HTML and CSS to showcase their learning
Pre 27% 24% 25% 17% 7%
Post 7% 20% 31% 24% 18%
Table 5.23: Percentage increase in confidence levels for paired data
5.3.3 Self-Efficacy and Tools and Technologies
Research Question 2 is:
What are the changes in teacher self-efficacy to effectively use tools and tech-
nology after attending a CS teacher PD programme?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ2a: What tools and technologies are teachers most confident using effec-
tively?
 RQ2b: What tools and technologies are teachers least confident using effec-
tively?
 RQ2c: How does this confidence level change over the course of the PD?
5.3.3.1 What tools and technologies are teachers most confident using effectively?
Considering the mean values for all teachers confidence levels for effective use of
tools and technologies, confidence levels at the start of the PD programme and at
the end of the PD programme, teachers had the highest confidence levels around
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effective use of Scratch, followed by Khan Academy, followed by Hour of Code
at the start of the PD programme. For paired data, teachers are most confident
around their effective use of Scratch, followed by Khan Academy, followed by
HTML/CSS at the start of the PD programme.
At the end of the PD programme, teachers are most confident around their
effective use of Scratch, followed by Khan Academy, followed by Blockly. For
paired data, teachers are most confident around their effective use of Scratch,
followed by Khan Academy, followed by HTML/CSS, at the end of the PD.
With respect to tools and technologies that were covered in the PD programme,
teachers had most confidence around effective use of Scratch, followed by HTM-
L/CSS at the start and at the end of the PD programme, for paired and non-
paired data.
In summary, teachers had most confidence around their effective use of Scratch,
Khan Academy and Hour of Code at the start of the PD programme and Scratch,
Khan Academy and HTML/CSS at the end of the PD programme. For paired
data teachers had most confidence around their effective use of Scratch, Khan
Academy and HTML/CSS at the start of the PD programme and teachers had
most confidence around the effective use of Scratch, Khan Academy and HTM-
L/CSS at the end of the PD programme.
5.3.3.2 What tools and technologies are teachers least confident using effectively?
Considering the mean values for all teachers confidence levels for effective use of
tools and technologies, confidence levels at the start of the PD programme and
at the end of the PD programme, teachers had the least confidence levels around
the effective use of CanSat and Arduino, followed by App Inventor at the start
of the PD programme.
For paired data, teachers are least confident around their effective use of
CanSat, Arduino followed by SwiftPlaygrounds and AppInventor at the start
of the PD programme.
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Figure 5.18: Tools/Technologies confidence change for non-paired data
At the end of the PD programme, teachers are least confident around their
effective use of Arduino, followed by AppInventor, followed by Swiftplaygrounds.
For paired data, teachers are least confident around their effective use of AppIn-
ventor, followed by Raspberry Pi at the end of the PD.
With respect to tools and technologies that were covered in the PD programme,
teachers had least confidence around their effective use of Python, followed by
HTML/CSS at the start and at the end of the PD programme, for paired and
non-paired data.
5.3.3.3 How does this confidence level change over the course of the PD?
The most significant changes in mean confidence levels around effective use of
tools and technologies between the start and end of the PD programme were for
Blockly, Google CS First and Khan Academy. See Figure 5.18.
The values of % increase, provides an overview of a general trend for the whole
group. Details of these rates of % increases in confidence levels are highlighted
in Table 5.24.
For paired data the most significant increases in mean confidence levels were
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Pre 34% 19% 29% 14% 4%
Post 13% 16% 29% 25% 17%
Google CS First
Pre 35% 30% 13% 17% 5%
Post 10% 25% 25% 24% 15%
Khan Academy
Pre 23% 19% 22% 23% 11%
Post 3% 14% 33% 29% 21%
Table 5.24: Percentage increase in confidence levels for technology and tools
for Blockly, Google CS First and Micro:Bit. See Figure 5.19.
The values of % increase for paired data, provides an overview of a general
trend for the whole group. Details of these rates of % increases in confidence
levels are highlighted in Table 5.25.
For tools and technologies covered during the PD programme, Scratch, HTM-
L/CSS and Python all yielded significant changes.
For Scratch, a Wilcoxon signed-rank test showed that effective use of Scratch
confidence levels elicited a statistically significant change for teachers between
the start and end of the PD programme (Z = -4.826 p = .001). A medium effect
size is observed (r=.54)
For HTML/CSS, a Wilcoxon signed-rank test showed that effective use of
HTML/CSS confidence levels elicited a statistically significant change for teachers
between the start and end of the PD programme (Z = -3.675, p = .001). A
medium effect size is observed (r=.41)
For Python, a Wilcoxon signed-rank test showed that effective use of Python
confidence levels elicited a statistically significant change for teachers between
the start and end of the PD programme (Z = -3.749, p = .001). A medium effect
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Pre 34% 18% 28% 14% 6%
Post 14% 18% 27% 23% 18%
Google CS First
Pre 32% 31% 14% 17% 6%
Post 13% 24% 28% 20% 15%
Micro:bit
Pre 30% 35% 10% 14% 11%
Post 17% 23% 23% 13% 25%
Table 5.25: Percentage increase in confidence levels for technology and tools for paired data
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size is observed (r=.42). See Table 5.26.




Table 5.26: Wilcoxen signed ranks test results for Tools and Technologies between the start and
end of the PD programme for paired data (N=71)
5.3.4 Self-Efficacy Scores
Research Question 3 is:
What are the changes and correlations between teacher self-efficacy scores?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ3a: How do teacher confidence level scores for effective use of tools and
technologies, for their ability to teach programming and non-programming
aspects of the CS curriculum change over the course of the PD
 RQ3b: How do teacher confidence level scores for effective use of tools and
technologies, for their ability to teach programming and non-programming
aspects of the CS curriculum relate to each other?
5.3.4.1 How do confidence level scores change over the course of the PD?
In this section we look at changes of confidence levels scores for the effective use of
tools and technologies and teacher’s confidence level scores to teach programming
and non-programming aspects of the CS curriculum.
Three scores were calculated around teacher confidence levels for paired data.
1. A score was calculated for teachers confidence levels around effective use
of tools and technologies. This score calculation only included score values
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for tools and technologies that were covered during the PD. These included
Scratch, HTML/CSS and Python. This score is called UseTech.
2. A score was calculated for teachers confidence levels to teach learning out-
comes not associated with programming in the specification. These include
learning outcomes (1.1-1.3, 2.1-2.3, 2.5-2.10, 3.4-3.6). This score is called
NonProgScore.
3. A score was calculated for teachers confidence levels to teach learning out-
comes associated with programming in the specification. These include
learning outcomes (1.4-1.8, 2.4, 3.1-3.3 and 3.7). This score is called ProgScore.
84% of teachers reported an increase or no change in confidence levels around
their effective use of tools and technologies, UseTech. 76% of teachers reported
an increase or no change in confidence levels around teaching programming re-
lated learning outcomes in the specification, ProgScore. 73% of teachers reported
no change or an increase in confidence levels around teaching non-programming
related learning outcomes in the specification, NonProgScore.
Nearly two thirds of all teachers, 61%, reported an increase in confidence
levels across all three scores. Only 8% of teachers reported a decrease across
all three scores. The three scores comprised an increase in confidence levels
around their effective use of tools and technologies score, UseTech, an increase
in confidence levels for non-programming related learning outcomes in the CS
curriculum, NonProgScore, and an increase in confidence levels for programming
related learning outcomes in the CS specification, ProgScore.
For the non programming learning outcomes score, NonProgScore a Wilcoxon
signed-rank test showed that teacher confidence levels elicited a statistically sig-
nificant increase for teachers between the start and end of the PD programme
(Z=-4.276, p=.001). A medium effect size is observed (r=.48)
For the programming score, ProgScore a Wilcoxon signed-rank test showed
that teacher confidence levels elicited a statistically significant increase for teach-
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ers between the start and end of the PD programme (Z=-5.242, p=.001). A large
effect size is observed (r=.59)
For the effective use of tools and technologies score, UseTech, a Wilcoxon
signed-rank test showed that teacher confidence levels elicited a statistically sig-
nificant increase for teachers between the start and end of the PD programme
(Z=-4.768, p=.001). A large effect size is observed (r=.53). See Table 5.27.




Table 5.27: Wilcoxen signed ranks test results for Confidence Scores between the start and end
of the PD programme for paired data (N=71)
In summary, teachers confidence level changes around the effective use of tools
and technologies, confidence levels to teach learning outcomes associated with
programming and confidence levels to teach learning outcomes associated with
non-programming learning outcomes between the start and end of the PD pro-
gramme were all statistically significant.
5.3.4.2 How do confidence level scores relate to each other?
The researcher investigated if teachers that scored well on their effective use of
tools and technology confidence level scores also scored well in their confidence
levels to teach programming and non-programming learning outcomes at the start
of the PD programme and again at the end of the PD programme.
As the data did not come from a normally distributed population, a Pearson
correlation was not suitable for the data. In this case a Spearman’s rank-order
correlation was used, which is the non-parametric equivalent of the Pearson’s
correlation. A Spearman’s rank-order correlation was run to determine the rela-
tionship between 71 teachers’ confidence level scores for their
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1. Effective use of tools and technologies
2. Teaching programming related learning outcomes from the CS curriculum
3. Teaching non-programming related learning outcomes from the CS curricu-
lum
At the start of the PD programme, there was a strong positive correlation
between the effective use of tools and technologies confidence score and teaching
programming related learning outcomes confidence score, which was statistically
significant (rs(71) = .856, p=.001). At the start of the PD programme, there was
a strong positive correlation between the effective use of tools and technologies
confidence score and teaching non-programming related learning outcomes con-
fidence score, which was statistically significant (rs(71) = .822, p=.001). There
was a strong positive correlation between the confidence levels scores to teach
programming and non-programming related learning outcomes, which was statis-
tically significant (rs(71) = .832, p=.001) See 5.28.
UseTech ProgScore Non Prog Score
UseTech rs 1.000 .856** .822**
p-value .001 .001
ProgScore rs .856** 1.000 .832**
p-value .001 .001
NonProgScore rs .822** .832** 1.000
p-value .001 .001
Table 5.28: Spearman’s rank order correlation at the start of the PD programme
(N=71;*=correlation significant at p<0.05;**=correlation significant at p<0.01;)
At the end of the PD programme, there was a strong, positive correlation
between the effective use of tools and technologies confidence score and the con-
fidence score for teaching programming related learning outcomes, which was
statistically significant at the .01 level (2-tailed test) (rs(71)=.763, p=.001).
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There was a strong, positive correlation between the effective use of tools
and technologies confidence score and the confidence score for teaching non-
programming related learning outcomes, which was statistically significant at
the .01 level (2-tailed test) (rs(71) =.680, p=.001).
There was a strong, positive correlation between confidence score for teaching
programming related learning outcomes and the confidence score for teaching
non-programming related learning outcomes, which was statistically significant
at the .01 level (2-tailed test) (rs(71) =.823, p=.001). See Table 5.29.
UseTech ProgScore Non Prog Score
UseTech rs 1.000 .763** .680**
p-value .001 .001
ProgScore rs .763** 1.000 .823**
p-value .001 .001
NonProgScore rs .680** .823** 1.000
p-value .001 .001
Table 5.29: Spearman’s rank order correlation at the end of the PD programme
(N=71;*=correlation significant at p<0.05;**=correlation significant at p<0.01;)
In summary, at the start of the PD there was a strong positive correlation be-
tween the UseTech score and the ProgScore meaning that as teacher’s confidence
to effectively use tools and technologies increases so too does their confidence to
teach programming related learning outcomes in the CS curriciulum. There was
a strong positive correlation between the UseTech score and the NonProgScore
meaning that as teacher’s confidence to effectively use tools and technologies in-
creases so too does their confidence to teach non-programming related learning
outcomes in the CS curriciulum. There was a strong positive correlation between
the ProgScore and the NonProgScore meaning that as teacher’s confidence levels
around teaching programming aspects of the CS curriculum increased, so too did
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their confidence levels around teaching non-programming learning outcomes in
the CS curriculum.
At the end of the PD there was a strong positive correlation between UseTech-
Score and the ProgScore and the NonProgScore, meaning that as teacher’s con-
fidence levels around effective use of tools and technologies increased, so too
did their confidence levels increase to teach programming and non-programming
related learning outcomes in the CS curriculum. There was also a strong pos-
itive correlation between the ProgScore and the NonProgScore, meaning that
as teacher’s confidence levels to teach programming related learning outcomes
in the CS curriculum increased, so too do their confidence levels to teach non-
programming related learning outcomes in the CS specification increase.
5.3.5 Teaching Strategies/Approaches
Research Question 4 is:
How do the changes in teacher self-efficacy relate to their use of teaching
strategies?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ4a: How do teaching strategies/approaches change during the PD pro-
gramme?
 RQ4b: How do teaching strategies/approaches relate to each other at the
end of the PD programme?
 RQ4c: How do confidence level scores relate to teaching strategies?
5.3.5.1 How do Teaching Strategies/Approaches change during the PD programme?
The researcher examined if there is a difference in teacher’s use of teaching strate-
gies/approaches in their classroom between the start and end of the PD pro-
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Figure 5.20: How often teachers use unplugged type activities in the classroom
gramme. The researcher examined the change in teaching strategies/approaches
across five different areas. As outlined above for Phase 1 data, these five themes
emerged in a study conducted by Sentance and Csizmadia (2017) as successful
teaching strategies/approaching used in CS classrooms. They include
1. Unplugged activities
2. Contextualization of tasks (relating tasks to real life)
3. Collaborative learning
4. Developing computational thinking
5. Scaffolding programming tasks
Considering the use of unplugged strategies in the classroom, combining “Of-
ten” and “Always” usage, this increased between the start and end of the PD
programme, going from 24% to 30%. See Figure 5.20.
Considering the use of contextualization of tasks in the classroom, combining
“Often” and “Always” usage, this value increases between the start and end of
the PD programme going from 38% to 48%. See Figure 5.21.
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Figure 5.21: How often teachers use contextualisation of tasks in the classroom
Considering the use of collaborative learning in the classroom, combining “Of-
ten” and “Always” usage, this values increases from the start and the end of the
PD programme, going from 46% to 58%. See Figure 5.22.
Considering the use of a teaching strategy to develop computational thinking
in the classroom, combining “Often” and “Always” usage, this values increases
from the start and the end of the PD programme, going from 27% to 41%. See
Figure 5.23.
Considering the use of a teaching strategy to scaffold programming tasks in the
classroom, combining “Often” and “Always” usage, this values actually increases
from the start and the end of the PD programme, going from 35% to 56%. See
Figure 5.24.
Combining “Often” and “Always” usage of teaching strategies at the end of the
PD programme, the order of frequency of usage was collaborative learning (58%),
Scaffolding programming tasks (56%), contextualization of tasks (48%) followed
by developing CT (41%) followed by Unplugged teaching strategies (30%).
Because the data values are not normal a non-parametric test, the Wilcoxen
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Figure 5.22: How often teachers use collaborative learning in the classroom
Figure 5.23: How often teachers use a teaching approach to develop computational thinking in
the classroom
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Figure 5.24: How often teachers use a teaching approach to scaffold programming tasks in the
classroom
signed-rank test, is used. For the use of unplugged teaching strategies in the class-
room, a Wilcoxon signed-rank test showed that the use of this strategy elicited a
statistically significant increase for teachers between the start and end of the PD
programme (Z=-3.130, p=.002). A medium effect size is observed (r=.35).
For the use of contextualization of tasks strategies in the classroom, a Wilcoxon
signed-rank test showed that the use of this strategy elicited a statistically sig-
nificant increase for teachers between the start and end of the PD programme
(Z=-2.352, p=.019). A small effect size is observed (r=.26)
For the use of collaborative learning strategies in the classroom, a Wilcoxon
signed-rank test showed that the use of this strategy elicited a statistically sig-
nificant increase for teachers between the start and end of the PD programme
(Z=-3.198, p=.001). A medium effect size is observed (r=.36)
For the use of developing computational thinking strategies in the classroom,
a Wilcoxon signed-rank test showed that the use of this strategy elicited a sta-
tistically significant increase for teachers between the start and end of the PD
programme (Z=-3.511, p=.001). A medium effect size is observed (r=.39)
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For the use of scaffolding programming tasks in the classroom, a Wilcoxon
signed-rank test showed that the use of this strategy elicited a statistically sig-
nificant increase for teachers between the start and end of the PD programme
(Z=-4.090, p=.001). A medium effect size is observed (r=.46). See Table 5.30.
Score Wilcoxon signed rank Z Sig. (2-tailed)
Unplugged -3.130 p=.002
Contextualisation of tasks -2.352 p=.019
Collaborative Learning Strategies -3.198 p=.001
Developing CT -3.511 p=.001
Scaffolding Programming Tasks -4.090 p=.001
Table 5.30: Wilcoxon signed ranks test for use of Teaching Strategies/Approaches between the
start and end of the PD programme for paired data (N=71)
In summary, there was a statistically significant increase in the frequency of use
of all teaching strategies including the use of unplugged teaching strategies, con-
textualisation of tasks, collaborative learning, developing computational think-
ing and scaffolding programming tasks between the start and end of the PD
programme.
On completion of year 1 of the PD programme, teachers were asked if their
teaching approach had changed as a result of the PD programme. 84% of teach-
ers said yes. When they were asked in what way their teaching approach had
changed as a result of the PD programme, in the 75% of respondents that pro-
vided responses to this question, 17% (N=11) included the word “confidence” or
“confident” in a positive sense as evidenced in the quotes below:
my interest and confidence has improved making me want to engage with it
More confidence and link to real life more
More knowledge of content and confidence in teaching Coding.
confident in what and how I am teaching
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have gotten more confident in the area of coding, HTML and CSS, binary
numbers.
5.3.5.2 How do Teaching Strategies/Approaches relate to each other?
The next research question addressed was how do teaching strategies/approaches
relate to each other on completion of the PD programme.
A Spearman’s rank-order correlation was run to determine the relationship
between the 5 teaching approaches/strategies.
1. Unplugged activities
2. Contextualization of tasks (relating tasks to real life)
3. Collaborative learning
4. Developing computational thinking
5. Scaffolding programming tasks
There was a strong, positive correlation between the use of unplugged teach-
ing strategies and the use of contextualisation of tasks at the end of the PD
programme which was statistically significant at the .00 level (2-tailed test)
(rs(71)=.551, p=.001).
There was a strong, positive correlation between the use of unplugged teaching
strategies and the use of collaborative learning at the end of the PD programme
which was statistically significant at the .00 level (2-tailed test) (rs(71)=.495,
p=.001).
There was a strong, positive correlation between the use of unplugged teaching
strategies and the use of developing computational thinking at the end of the
PD programme which was statistically significant at the .00 level (2-tailed test)
(rs(71)=.544, p=.001).
There was a strong, positive correlation between the use of unplugged teach-
ing strategies and the use of scaffolding programming tasks at the end of the
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PD programme which was statistically significant at the .00 level (2-tailed test)
(rs(71)=.432, p=.001).
In summary, as teachers frequency of use of one particular teaching strategy
increased so too did it increase for all other teaching strategies. See Table 5.31.
UP CoT CL CT SPT
Unplugged(UP) rs 1.000 .551** .495** .544** .432**
p-value .001 .001 .001 .001
Contextualization
of Tasks(CoT)
rs .551** 1.000 .617** .480** .622**
p-value .001 .001 .001 .001
Collaborative
Learning (CL)
rs .495** .617** 1.000 .608** .489**
p-value .001 .001 .001 .001
Computational
Thinking (CT)
rs .544** .480* .680** 1.000 .633**




rs .432** .622** .489** .633** 1.000
p-value .001 .001 .001 .001
Table 5.31: Spearman’s rank order correlation for teaching strategies/approaches at the end
of the PD programme (N=71;*=correlation significant at p<0.05;**=correlation significant at
p<0.01;)
5.3.5.3 How do Confidence Level Scores relate to Teaching Strategies/Approaches?
The next research question addressed was how do confidence level scores relate
to teaching strategies/approaches on completion of the PD programme.
A Spearman’s rank-order correlation was run to determine the relationship
between the effective use of tools and technologies confidence score, the confidence
level scores to teach programming and non programming learning outcomes with
teaching strategies/approaches. The scores were compared for values at the end
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of the PD programme. See Table 5.32.
UseTech ProgScore Non
ProgScore
Unplugged(UP) rs .318** .232 .263*
p-value .007 .052 .027
Contextualization
of Tasks(CoT)
rs .507* .347** .341**
p-value .001 .003 .004
Collaborative
Learning (CL)
rs .443** .370** .443**
p-value .001 .001 .001
Computational
Thinking (CT)
rs .459** .456** .379**




rs .645** .551** .461**
p-value .001 .001 .001
Table 5.32: Spearman’s rank order correlation for confidence level scores and the use of teaching
strategies in the classroom at the end of the PD programme (N=71;*=correlation significant at
p<0.05;)
In summary, at the end of the PD programme, there was a strong positive
correlation between the frequency of use of all teaching strategies and the effective
use of tools and technologies score, between the frequency of use of all teaching
strategies and the non-programming score and between the frequency of use of
all teaching strategies and the programming score with one exception. There was
no significant correlation between the frequency of use of unplugged strategies
and the programming score at the end of the PD programme.
5.3.6 Assessment Strategies
Research Question 5 is:
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How do the changes in teacher self-efficacy relate to their use of assessment
strategies?
To answer this research question, questionnaire responses were analysed to
understand:
 RQ5a: How do assessment strategies change during the PD programme?
 RQ5b: How do assessment strategies relate to each other at the end of the
PD programme?
 RQ5c: How do confidence level scores relate to assessment strategies?
5.3.6.1 How do Assessment Strategies change during the PD programme?
The researcher examined if there is a difference in teacher’s use of assessment
strategies in their classroom between the start and end of the PD programme.
The researcher examined the change in formative assessment strategies across six
different areas. They include
1. Sharing learning intentions
2. Developing success criteria
3. Students reflecting on their learning
4. Effective questioning
5. Formative feedback
6. Peer and self-assessment
Considering the use of sharing learning intentions assessment strategy, com-
bining “Often” and “Always” usage, this values decreases between the start and
the end of the PD programme, going from 62% to 54%. See Figure 5.25.
Considering the use of developing success criteria assessment strategy, com-
bining “Often” and “Always” usage, this values decreases between the start and
the end of the PD programme, going from 44% to 38%. See Figure 5.26.
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Figure 5.25: How often teachers use sharing learning intentions assessment strategy in the
classroom
Figure 5.26: How often teachers use developing success criteria assessment strategy in the
classroom
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Figure 5.27: How often teachers use student reflecting on their learning assessment strategy in
the classroom
Considering the use of students reflecting on their learning assessment strategy,
combining “Often” and “Always” usage, this values increases between the start
and the end of the PD programme, going from 49% to 59%. See Figure 5.27.
Considering the use of effective questioning assessment strategy, combining
“Often” and “Always” usage, this values increases between the start and the end
of the PD programme, going from 65% to 77%. See Figure 5.28.
Considering the use of formative feedback assessment strategy, combining “Of-
ten” and “Always” usage, this value increases between the start and the end of
the PD programme, going from 56% to 68%. See Figure 5.29.
Considering the use of peer and self assessment strategy, combining “Often”
and “Always” usage, this value increases between the start and the end of the
PD programme, going from 52% to 66%. See Figure 5.30.
Combining “Often” and “Always” usage of assessment strategies at the end
of the PD programme, the order of frequency of usage is effective questioning
(77%), sharing learning intentions (76%), formative feedback(68%), peer and self-
assessment assessment (66%), students reflecting on their learning (59%) followed
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Figure 5.28: How often teachers use effective questioning assessment strategy in the classroom
Figure 5.29: How often teachers use formative feedback assessment strategy in the classroom
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Figure 5.30: How often teachers use peer and self assessment strategy in the classroom
by developing success criteria (38%)
For the use of effective questioning formative assessment strategy in the class-
room, a Wilcoxon signed-rank test showed that the use of this strategy elicited a
statistically significant increase for teachers between the start and end of the PD
programme (Z=-2.435, p=.015). A small effect size is observed (r=.27).
For the use of peer and self assessment strategy in the classroom, a Wilcoxon
signed-rank test showed that the use of this strategy elicited a statistically sig-
nificant increase for teachers between the start and end of the PD programme
(Z=-2.554, p=.011). A small effect size is observed (r=.28). See Table 5.33.
Score Wilcoxon signed rank Z Sig. (2-tailed)
Effective questioning -2.435 p=.015
Peer and self assessment -2.554 p=.011
Table 5.33: Wilcoxon signed ranks test for use of Formative Assessment Strategies between the
start and end of the PD programme for paired data (N=71)
There was no statistically significant increase in use of sharing leaning inten-
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tions assessment strategy, developing success criteria assessment strategy, stu-
dents reflecting on their learning assessment strategy and the use of formative
feedback assessment strategy between the start and end of the PD.
In summary, the use of sharing learning intentions and developing success
criteria decreased between the start and end of the PD programme. The use
of students reflecting on their learning, use of effective questioning, formative
feedback and peer and self-assessment assessment strategies increased between
the start and end of the PD programme, with statistical significance for effective
questioning and peer and self assessment assessment strategies.
5.3.6.2 How do Assessment Strategies relate to each other?
The next research question addressed was how do assessment strategies relate to
each other on completion of the PD programme.
A Spearman’s rank-order correlation was run to determine the relationship
between the 6 teaching approaches/strategies.
1. Sharing learning intentions
2. Developing success criteria
3. Students reflecting on their learning
4. Effective questioning
5. Formative feedback
6. Peer and self-assessment
At the end of the PD programme, there was a strong, positive correlation
between all formative assessment strategies. See Table 5.34.
5.3.6.3 How do Confidence Level Scores relate to Assessment Strategies?
The next research question addressed was how do confidence level scores relate
to assessment strategies on completion of the PD programme.
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SLI PSA DSC SR EQ FF
Sharing Learning
Intentions (SLI)
rs 1.000 .469** .808** .602** .544** .495**
p-value .001 .001 .001 .001 .001
PeerSelf Asess-
ment (PSA)
rs .469** 1.000 .563** .562** .523** .715**




rs .808** .563** 1.000 .763** .498** .534**
p-value .001 .001 .001 .001 .001
Students Re-
flecting (SR)
rs .602** .562** .763** 1.000 .494** .506**
p-value .001 .001 .001 .001 .001
Effective Ques-
tioning (EQ)
rs .544** .523** .498** .494** 1.000 .722**
p-value .001 .001 .001 .001 .001
Formative Feed-
back (FF)
rs .495** .715** .534** .506** .722** 1.000
p-value .001 .001 .001 .001 .001
Table 5.34: Spearman’s rank order correlation for assessment approaches at the end of the PD
programme (N=71;*=correlation significant at p<0.05;**=correlation significant at p<0.01;)
A Spearman’s rank-order correlation was run to determine the relationship
between the effective use of tools and technologies confidence score, the confidence
level scores to teach programming and non programming learning outcomes with
six assessment strategies. The scores were compared for values at the end of the
PD programme. See Table 5.35.
At the end of the PD programme, there was a strong positive correlation be-
tween the frequency of use of all assessment strategies and the effective use of
tools and technologies score, with the exception of formative feedback. There
was a strong positive correlation between the frequency of use of all assessment
strategies and the programming score, with the exception of formative feedback.
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There was a strong positive correlation between the frequency of use of all assess-
ment strategies and the non-programming score, with the exception of formative
feedback. Essentially there was no significant correlation between the frequency






rs .336** .341** .355**
p-value .004 .004 .002
PeerSelf Asess-
ment (PSA)
rs .355** .357** .308**




rs .345** .306** .291**
p-value .003 .010 .014
Students Re-
flecting (SR)
rs .377** .238** .349**
p-value .001 .046 .003
Effective Ques-
tioning (EQ)
rs .367** .274** .322**
p-value .002 .021 .006
Formative Feed-
back (FF)
rs .189 .202 .166
p-value .114 .092 .167
Table 5.35: Spearman’s rank order correlation for confidence level scores and the use of assess-





This discussion chapter follows three major topics arising from the results of this
research project, guided by the aims of the research and the research questions.
The first discussion topic, self-efficacy, discusses teacher self-efficacy levels to
teach learning outcomes in a new CS curriculum and teacher self-efficacy levels
to effectively use tools and technologies and specifically discusses the findings for
the research questions:
 Research Question 1: What are the changes in teacher self-efficacy to teach
learning outcomes after attending a CS teacher PD programme?
 Research Question 2: What are the changes in teacher self-efficacy to effec-
tively use tools and technology after attending a CS teacher PD programme?
 Research Question 3: What are the changes and correlations between teacher
self-efficacy scores?
The second discussion topic, Self-efficacy and Teaching Strategies/Approaches,
discusses the correlation between the frequency of use of teaching strategies and
approaches and teachers’ self-efficacy to teach the CS curriculum and specifically
discusses the findings for the research question:
 Research Question 4: How do the changes in teacher self-efficacy relate to
their use of teaching strategies?
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The third discussion topic, Self-efficacy and Assessment Strategies, discusses
the correlation between the frequency of use of formative assessment strategies
and how this correlates to teacher’s self-efficacy to teach the CS curriculum and
specifically discusses the findings for the research question:
 Research Question 5: How do the changes in teacher self-efficacy relate to
their use of assessment strategies?
The literature outlines the importance of professional development for teachers
and its potential to transform schools, improve student academic achievement and
to bring about changes in the classroom practice of teachers (Darling-Hammond
et al., 2009; Guskey, 2000). Teacher confidence is important because of its po-
tential to not only replicate positive or negative affect in students (Stipek et al.,
2001) but also because teacher confidence has been linked to the quality of ped-
agogy. In Bandura’s (Bandura, 1977) social cognitive theory, self-efficacy beliefs
refer to individuals’ beliefs about their capabilities to successfully carry out a
particular course of action.
The literature acknowledges the lack of standardization in non-cognitive con-
structs and how they are measured in CS when compared to other more estab-
lished subjects such as Mathematics and science (Menekse, 2015). Many existing
surveys and questionnaires were reviewed and considered for this study (Goode
et al., 2014; McGill and Decker, 2017; Ravitz et al., 2017; Reding and Dorn, 2017;
Reimer et al., 2018) but however, in this instance, a new self-efficacy instrument
to measure self-efficacy was designed. Self-efficacy literature discusses the chal-
lenges faced by self-efficacy researchers to achieve an optimal level of specificity
and achieving a balance between domain specificity and practical usefulness of
results. In this instance a domain specific approach was adopted rather than a
general approach (Klassen et al., 2011; Tschannen-Moran and Hoy, 2001).
Zhou et al. (2020) have recently conducted a study that describes the devel-
opment and implementation of an instrument that measures secondary school
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teachers’ self-efficacy in computer science. While this survey instrument was not
available at the start of this research study and would not have provided us ex-
actly what we needed for this research study, there may be opportunities to map
aspects of this research study to this validated measurement instrument.
In the context of this research study a domain specific approach was adopted
for a number of reasons:
1. The CS curriculum is being rolled out in our country for the first time and
we were interested to measure teacher’s self-efficacy levels to teach the entire
CS curriculum
2. An aspect of this research involved feeding back into the design of the PD
programme, hence specific data were required
3. While the self-efficacy levels are measured to teach specific learning outcomes
in the CS curriculum, the results are still useful for other PD programme
designers and it may even be possible in future work to map aspects of the
findings to self-efficacy validated instruments (Zhou et al., 2020).
6.1 Self-Efficacy
Compared to other subject areas, CS has insufficient numbers of teachers trained
to deliver computer science in K-12 schools (Hamlen et al., 2018). Both Cutts
et al. (2017); McGarr et al. (2020) reflect on the pioneering spirit of CS teachers
that are often coming from other subject areas. An improvement in self-efficacy
measures following participation in a PD programme, cannot be assumed. For
example, in this study conducted by Ravitz et al. (2017), there was not a signifi-
cant pre-to-post difference on the overall self-efficacy scale for teaching CS, but a
couple of items did show gains such as “I can teach the concepts required by the
curriculum” and “I can effectively teach all students.” However, other surveys,
such as the survey conducted by Zhou et al. (2020) which measured self-efficacy
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in content knowledge and self-efficacy in pedagogical content knowledge, demon-
strated that participants scores increased significantly from the pre-survey to the
post-survey. Reimer et al. (2018) looked specifically at self-efficacy measures for
teaching programming and their teacher cohort of 19 high-school teachers also
reported statistically significant gains of their “Self-Efficacy for Teaching Pro-
gramming” scale score over a five month period.
We composed categories of self-efficacy scores from a subset of learning out-
come self-efficacy measures in order to be able to compare self-efficacy measures
at a level above learning outcomes. Our score measures include a Use of Tech-
nology (UseTech) score, a score that captures learning outcomes associated with
programming (ProgScore) and a score that captures learning outcomes not asso-
ciated with programming (NonProgScore).
For our Phase 1 teachers, which included 17 matched pairs, statistical signifi-
cance was only reported for the UseTech score between the start and end of the
PD programme, although 71% of teachers reported an increase or no change in
confidence levels around teaching programming related learning outcomes in the
specification (ProgScore). 59% of teachers reported no change or an increase in
confidence levels around teaching non-programming related learning outcomes in
the specification, (NonProgScore).
In terms of correlations between the scores at the end of the PD programme,
there was a strong correlation between UseTech, the ProgScore and the Non-
ProgScore in Phase 1, meaning that as teacher’s confidence levels around effective
use of tools and technologies increased, so too did their confidence levels increase
to teach programming and non-programming related learning outcomes in the
CS curriculum, demonstrating an increase in self-efficacy across three different
scores.
In Phase 2, which included 71 matched pairs, all three self-efficacy scores
between the start and end of the PD programme, over the course of a 12 month
period, were statistically significant.
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For Phase 2 teachers, at the end of the PD there also was a strong positive
correlation between UseTech score and the ProgScore and the NonProgScore,
meaning that as teacher’s confidence levels around effective use of tools and
technologies increased, so too did their confidence levels to teach programming
and non-programming related learning outcomes in the CS curriculum increase,
demonstrating an increase in self-efficacy across three different scores.
These aggregate scores provide us with an overall view of teacher self-efficacy.
Many of the existing studies are designed with the goal of designing more effec-
tive CSE PD implementations (Reding and Dorn, 2017). To that aim, as well as
measuring self-efficacy scores, the research also identified aspects of the CS cur-
riculum teachers had least and most confidence teaching and also we wanted to
measure teacher self-efficacy around the use of tools and technologies. The next
section will discuss these findings and their impact on the design and development
of the PD programme.
6.1.1 Most confidence
Only paired data will be considered in this discussion section regarding learning
outcomes in the CS curriculum teachers had most confidence teaching. For Phase
1 and Phase 2 paired data, teachers are most confident teaching 1.1, 1.2 and 1.3
at the start and end of the PD programme.
The learning outcome descriptions are:
 1.1 present and share examples of what computers are used for and discuss
their importance in modern society and in their lives
 1.2 describe the main components of a computer system (CPU, memory,
main storage, I/O devices, buses)




These learning outcomes are introductory type level material are easily under-
stood. The results are consistent between Phase 1 and Phase 2 data sets, in that
both sets of teachers had most confidence teaching these learning outcomes at the
start and end of the PD programme. There was little if any change in confidence
level at the end of the PD programme for these learning outcomes. Zhou et al.
(2020) discusses how this type of introductory material, for example a class on
“What is a computer”, provides opportunities to promote active learning in the
classroom. Despite the fact that due to time constraints, these learning outcomes
were not explicitly covered during the PD programme, almost 80% of Phase 2
teachers had more than 5 years of teaching experience, thus providing them with
ample opportunity to develop active learning strategies. The researcher did not
make any explicit recommendations during the PD planning process to include
these learning outcomes in the PD programme.
Regarding the use of tools and technologies, for Phase 1 paired data, teachers
had most confidence around their effective use of Scratch, Khan Academy and
Hour of Code at the start of the PD and teachers had most confidence around
the effective use of Scratch, Khan Academy and Micro:bit at the end of the PD
programme.
With respect to tools and technologies that were covered during the PD pro-
gramme, teachers had most confidence around effective use of Scratch, followed
by HTML/CSS at the start and at the end of the PD programme, for paired
data.
For Phase 2 paired data, teachers had most confidence around their effective
use of Scratch, Khan Academy and HTML/CSS at the start of the PD pro-
gramme and teachers had most confidence around the effective use of Scratch,
Khan Academy and HTML/CSS at the end of the PD programme. With respect
to tools and technologies that were covered in the PD programme, teachers had
most confidence around effective use of Scratch, followed by HTML/CSS at the
start and at the end of the PD programme, for paired data.
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For both Phase 1 and Phase 2 paired data, teachers were most confident around
their use of Scratch followed by HTML/CSS, an indicator that most teacher’s
would have had a certain level of confidence using Scratch experience at the start
of the PD programme and that their confidence level around the use of Scratch
increased during the PD programme. Tools like Scratch, HTML/CSS and Python
are used during many teacher CS PD programmes (Ravitz et al., 2017; Reding
and Dorn, 2017; Zhou et al., 2020) and there is widespread adoption of Scratch
at both primary and post-primary level schools in Ireland.
6.1.2 Least confidence
Only paired data will be considered in this discussion section regarding learning
outcomes in the CS curriculum teachers had least confidence teaching. For Phase
1 paired data, teachers are least confident teaching 3.4, 2.7, 3.3 and 2.3 at the
start of the PD programme and teaching 3.4, 2.7 and 2.3 at the end of the PD
programme.
 2.3 explain how search engines deliver results
 2.7 identify a topic or a challenge in computer science that inspires them
 3.3 demonstrate how functions and/or procedures (definition and call) cap-
ture abstractions
 3.4 describe program flow control, e.g. parallel or sequential flow of control
- language dependent
For Phase 2 paired data, teachers had least confidence teaching learning out-
comes associated 3.4, 3.3 and learning outcome 3.1 at the start of the PD and
teachers are least confident teaching 3.3, followed by 3.4 and 3.2 at the end of the
PD programme. The learning outcomes descriptions are:
 3.1 creatively design and write code for short programming tasks to demon-




 3.2 complete short programming tasks using basic linear data structures (e.g.
array or list)
 3.3 demonstrate how functions and/or procedures (definition and call) cap-
ture abstractions
 3.4 describe program flow control, e.g. parallel or sequential flow of control
- language dependent
The challenge of introducing parallel programming in classes in addition to se-
quential programming at university level is documented by Ghafoor et al. (2019).
Teachers were encountering similar challenges teaching learning outcome 3.4. As
part of the PD planning process and as part of the process for feeding these
research results in the PD planning process, this researcher recommended the
inclusion of content for learning outcome 3.4 in March 2020.
Similarly with learning outcome 3.3, we know that students encounter diffi-
culties when they start using functions and/or procedures (Kallia and Sentance,
2017), therefore is it not surprising to see teacher’s having least confidence to
teaching this learning outcome, 3.4 for both Phase 1 and Phase 2, even though
the learning outcome was covered during the PD on Day 2 in Phase 1 and Phase
2. As part of the PD planning process and as part of the process for feeding
these research results in the PD planning process, this researcher recommended
the revision of the content for learning outcome 3.3 in March 2020.
As part of the PD planning process and as part of the process for feeding
these research results in the PD planning process, this researcher recommended
the inclusion of new content for learning outcome 2.3 in March 2020.
Regarding the use of tools and technologies, for Phase 1 paired data, teachers
are least confident around their effective use of Micro:Bit, followed by Arduino,
followed by CanSat, at the start of the PD programme and teachers are least
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confident around their effective use of Arduino, followed by Raspberry Pi, followed
by CanSat at the end of the PD.
For Phase 2 data paired data, teachers are least confident around their effective
use of CanSat, Arduino followed by SwiftPlaygrounds and AppInventor at the
start of the PD programme. Teachers are least confident around their effective
use of AppInventor, followed by Raspberry Pi at the end of the PD. With respect
to tools and technologies that were covered in the PD programme, teachers had
least confidence around their effective use of Python, followed by HTML/CSS at
the start and at the end of the PD programme, for paired data.
The effective use of hardware based electronic tools, Arduino, Raspberry Pi
and Micro:bit is challenging for teachers. We did not make an explicit recom-
mendations for changes to the PD programme based on these findings but will
investigate expanding the supplementary electives that are made available to
teachers outside the core PD programme that may address teacher self-efficacy
to use these tools.
6.1.3 Change in Confidence
For Phase 1 paired data, learning outcomes 2.5 and 2.6 elicited a statistically
significant change in confidence levels for teachers between the start and end of
the PD programme. For Phase 2 paired data, learning outcomes 2.6, 2.5 and 2.4
elicited a statistically significant change in confidence levels for teachers between
the start and end of the PD programme. The learning outcome descriptions are:
 2.4 build a website using HTML and CSS to showcase their learning
 2.5 explain how computers represent data using 1s and 0s,
 2.6 investigate how drawings/photos are represented in devices,
All three learning outcomes were covered during the PD programme, Day 2
and Day 5 in Phase 1, see 5.1, 5.2 and Day 3 in Phase 2, see 5.3. The statis-
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tically significant changes for learning outcome 2.4 (Phase 2 only), for 2.5 and
2.6 (both Phase 1 and Phase 2) suggest the coverage of these topics during the
PD programme had a positive impact on the teachers’ self-efficacy, this providing
us with evidence of consistent and adequate coverage of these learning outcomes
in the PD programme. It should be noted that CS Unplugged activities 1 were
used to address these learning outcomes, specifically Binary Numbers and Image
Representation.
With respect to tools and technologies that were covered in the PD programme,
for Phase 1 paired data, Micro:bit and Python elicited a statistically significant
change in confidence levels around effective use of tools and technologies for teach-
ers between the start and end of the PD programme.
For Phase 2 paired data, Scratch, HTML/CSS and Python elicited a statis-
tically significant change in confidence levels around effective use of tools and
technologies for teachers between the start and end of the PD programme.
The results around the use of tools and technologies provide us with evidence
of change in self-efficacy levels and confirmation in the selection of these particular
tools and technologies in the PD programme.
6.2 Self-efficacy and Teaching Strategies/Approaches
It was Shulman (1986) that advocated incorporating pedagogical content knowl-
edge (PCK), which goes beyond knowledge of subject matter per se to the di-
mension of subject matter knowledge for teaching, into professional development
programs to address representation and presentation of concepts in a specific sub-
ject matter to students with differing prior conceptions. We know that research
on PCK in CS is sparse (Yadav and Berges, 2019). But Sentance and Csizmadia
(2017) identified five key themes that emerged from their categorization of ap-
proaches taken by teaching to support students and it was these five themes that
1https://csunplugged.org/en/
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we measured using our survey instrument. In the literature review, we saw how
Goode et al. (2014), as well as presenting the professional development model
for Exploring Computer Science and the research on which it is based, they also
present findings about the impact of ECS professional development on teach-
ers’ practice. Other surveys administered by Reimer et al. (2018), Ravitz et al.
(2017) and Zhou et al. (2020), as well as being interested in content knowledge
self-efficacy measures were interested in teacher’s self-efficacy to teach the CS
curriculum or teacher’s pedagogical content knowledge (Shulman, 1986). Build-
ing on the findings of Sentance and Csizmadia (2017) and responding to the call
by Denny et al. (2019) for further research exploring effective teaching strategies
in the CS classroom, we measured teacher’s frequency of use of specific teaching
strategies and how this correlated with their self-efficacy measures to teach the
CS curriculum.
For Phase 1 teachers, there was no statistically significant increase in the fre-
quency of use of teaching strategies/approaches between the start and end of the
PD programme. Despite this, on completion of the PD programme, teachers were
asked if their teaching approach had changed as a result of the PD programme.
89% of teachers said yes.
In terms of the correlation between the teaching strategies, teachers increased
use of contextualization of tasks teaching strategy also led to their increased use of
scaffolding programming teaching approaches in the classroom. Also, as teacher’s
use of developing computational thinking skills in the classroom increased, so too
did their use of unplugged teaching strategies, their use of collaborative learning
teaching strategies and their use of scaffolding programming teaching approaches.
With respect to how confidence level scores and their relation to the frequency
of use of teaching strategies/approaches on completion of the PD programme, the
study showed that as teacher’s confidence levels around effective use of tools and
technologies increased so too did their use of computational thinking teaching
strategies in the classroom. As teacher’s confidence levels to teach programming
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related learning outcomes in the CS curriculum increased, so too did their use of
computational thinking teaching strategies in the classroom increase. Increases
in these two self-efficacy scores are demonstrating positive correlations in terms
of the use of computational thinking strategies in the classroom.
For Phase 2 teachers, there was a statistically significant increase in the fre-
quency of use of all teaching strategies including the use of unplugged teaching
strategies, contextualisation of tasks, collaborative learning, developing computa-
tional thinking and scaffolding programming tasks between the start and end of
the PD programme. On completion of year 1 of the PD programme, teachers were
asked if their teaching approach had changed as a result of the PD programme.
84% of teachers said yes.
In terms of the correlation between the teaching strategies, as teachers fre-
quency of use of one particular teaching strategy increased so too did it increase
for all other teaching strategies.
With respect to how confidence level scores and their relation to the frequency
of use of teaching strategies/approaches at the end of the PD programme, there
was a strong positive correlation between the frequency of use of all teaching
strategies and the effective use of tools and technologies score, between the fre-
quency of use of all teaching strategies and the non-programming score and be-
tween the frequency of use of all teaching strategies and the programming score
with one exception. There was no significant correlation between the frequency
of use of unplugged strategies and the programming score at the end of the PD
programme.
For Phase 1 and Phase 2 teachers, both cohorts agreed that their teaching
approach has changed as a result of the PD programme, and while the Phase 1
data only indicated an increase in the frequency of use of scaffolding programming
tasks and developing CT, all data in Phase 2 reported a statistically significant
increase in the frequency of use of all teaching strategies over the course of the
PD programme.
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While Phase 1 data only indicated a correlation between increased use of
contextualisation of tasks and scaffolding programming tasks and a correlation
between the increased use of computational thinking and the use of unplugged,
collaborative learning and scaffolding programming tasks, Phase 2 teachers indi-
cated a correlation between the increase in the frequency of use of all teaching
strategies. Perhaps these correlations reveal teaching strategy groups that may
be useful if we were planning to include teaching strategies in the core PD in the
future.
While Phase 1 data only reported a statistically significant correlation be-
tween the use of technology score and the programming score with developing
computational thinking, Phase 2 data, reported a strong positive correlation be-
tween the frequency of use of all teaching strategies and the use of technology
score, the programming score and the non-programming score, with the excep-
tion of the programming score and the unplugged teaching strategy, which seems
like an endorsement for the essence of unplugged 1, Computer Science without a
computer.
While Zhou et al. (2020) share results of self-efficacy of pedagogical content
knowledge scores increased over the course of a PD programme, we did not find
evidence in the Computer Science Education literature of data on teacher’s self-
efficacy measures to teach a particular CS curriculum and how this relates to the
frequency of use of teaching strategies in the classroom. Building on the work of
Sentance and Csizmadia (2017), who identified the set key themes for teaching
strategies, we have provided some insights into how the use of these teaching
strategies themes change during the course of a PD programme. We believe this
is a unique contribution to the literature and may help in the development and
planning of future PD focusing on teaching strategies.
1https://classic.csunplugged.org/
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6.3 Self-efficacy and Assessment Strategies
Having seen how self-efficacy measures related to the use of teaching strategies
in the classroom, responding to the call for further research in the area (Denny
et al., 2019) we also looked at how self-efficacy measures related to the use of
assessment strategies in the classroom.
We saw in the literature review how formative assessment or assessment for
learning (AfL) include five key strategies and one “big idea”, as identified by
Wiliam and Leahy (2016). The “big idea” is that evidence about student learn-
ing is used to adjust instruction to better meet student needs or in other words
that teaching is adapted to the student’s learning needs. There was very little
evidence in the literature of research exploring the relationships between teacher
self-efficacy levels and the use of formative assessment strategies in the classroom.
In addition to this, assessment and how it is conducted forms a considerable as-
pect of the reform introduced at Junior Cycle. Therefore measuring the use of
formative assessment and its relationship to self-efficacy levels is novel, particu-
larly in the context of educational reform within the Irish Education system.
For Phase 1 data, the use of sharing learning intentions and effective ques-
tioning assessment strategies decreased between the start and end of the PD
programme. The use of developing success criteria, students reflecting on their
learning, formative feedback and peer and self-assessment assessment strategies
increased between the start and end of the PD programme, although there was
no statistical significance.
For Phase 1 data, with respect to how assessment strategies relate to each
other on completion of the PD programme, teacher’s increased use of sharing
learning intentions assessment strategy also led to their increased use of peer and
self-assessment strategies in the classroom. Also, as teacher’s use of developing
success criteria assessment strategy in the classroom increased, so too did students
reflecting on their learning assessment strategy increase.
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Regarding how confidence level scores relate to assessment strategies on com-
pletion of the PD programme, as teacher’s confidence levels around effective use of
tools and technologies increased, their use of sharing learning intentions, students
reflecting on their learning and peer and self-assessment as assessment strategies
increased. As teachers confidence levels to teach programming related learning
outcomes in the CS curriculum increased, their use of peer and self-assessment
strategies increased.
For Phase 2 data, the use of sharing learning intentions and developing success
criteria decreased between the start and end of the PD programme. The use of
developing success criteria, students reflecting on their learning, use of effective
questioning, formative feedback and peer and self-assessment assessment strate-
gies increased between the start and end of the PD programme, with statistical
significance for effective questioning and peer and self assessment strategies.
With respect to how assessment strategies relate to each other on completion
of the PD programme, at the end of the PD programme, there was a strong,
positive correlation between all formative assessment strategies.
Regarding how confidence level scores relate to assessment strategies on com-
pletion of the PD programme, there was a strong positive correlation between
the frequency of use of all assessment strategies and the effective use of tools
and technologies score, between the non-programming score and between the fre-
quency of use of all formative assessment strategies and the programming score
with one exception. There was no significant correlation between the frequency
of use of formative feedback and the three confidence scores at the end of the PD
programme.
Both Phase 1 and Phase 2 data showed a decrease in the use of sharing learning
intentions between the start and end of the PD programme. Sharing learning
intentions is concerned with students knowing what they are going to learn and
why they should learn it in the first place. Perhaps this is an assessment strategy
that is associated with early curriculum adopters?
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While Phase 1 data only demonstrated strong correlations between the use of
sharing learning intentions and peer and self-assessment strategies and between
the use of developing success criteria and students reflecting on their learning,
Phase 2 data showed that as the frequency of use of one assessment strategy
increased, it did so for all assessment strategies. Perhaps the difference between
Phase 1 and Phase 2 (12 months later) and the use of assessment strategies can
be explained by the introduction of reform of assessment at Junior Cycle, which
would have had implications in other subject areas.
While Phase 1 data only demonstrated a strong positive correlation between ef-
fective use of tools and technologies scores and their use of sharing learning inten-
tions, students reflecting on their learning and peer and self-assessment strategies
and the programming score with the use of peer and self-assessment strategies,
Phase 2 data demonstrated a strong positive correlation between all three scores,
the use of technology score, the programming score and the non-programming
score, with the exception of formative feedback. Formative feedback is concerned
with providing students with meaningful and effective feedback that can help
them take the next steps in their learning. Again, perhaps this is an assessment




We have seen unprecedented changed in the Irish Education System through the
Introduction of a Computer Science curriculum at Senior Cycle and at Junior Cy-
cle. This study has provided a unique insight into teacher’s self-efficacy measures
as they embarked on a CS PD journey at Junior Cycle. This study considered
the journey of two different cohorts of teachers at lower secondary school level.
7.1 Research Aims
This thesis has made significant progress addressing the following aims:
 Investigate teacher confidence levels to teach learning outcomes in a new CS
curriculum
 Investigate teacher confidence levels around their use of tools and technolo-
gies
 Investigate the relationship between teacher confidence levels to teach a new
CS curriculum and their use of teaching and assessment strategies in the
classroom
The following research questions were addressed in this study:
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 Research Question 1: What are the changes in teacher self-efficacy to teach
learning outcomes after attending a CS teacher PD programme?
Based on the results of the surveys, the data highlights aspects of the CS
curriculum teachers had most and least confidence teaching and what as-
pects of the CS curriculum teachers demonstrated the greatest change in
confidence to teach following participation on the PD programme. These
results are presented for Phase 1 in 5.2.2 and Phase 2 in 5.3.2.
 Research Question 2: What are the changes in teacher self-efficacy to effec-
tively use tools and technology after attending a CS teacher PD programme?
Based on the results of the surveys, the data highlights tools and technologies
teachers had most and least confidence using and the tools and technologies
teachers demonstrated the greatest change in confidence to use following
participation on the PD programme. These results are presented for Phase
1 in 5.2.3 and Phase 2 in 5.3.3.
 Research Question 3: What are the changes and correlations between teacher
self-efficacy scores?
Based on the results of the surveys, self-efficacy scores were calculated for
the teacher confidence around the use of tools and technologies, teacher con-
fidence to teach programming related learning outcomes and teacher confi-
dence to teach non programming related learning outcomes in the CS cur-
riculum. Phase 2 teachers demonstrated increases across all three scores.
These results are presented for Phase 1 in 5.2.4 and Phase 2 in 5.3.4.
 Research Question 4: How do the changes in teacher self-efficacy relate to
their use of teaching strategies?
Based on results of the surveys, changes in use of teaching strategies were
calculated and while many increased, there were some decreases. Statisti-
cal correlations were conducted to determine the correlations between self-
150
7.2 Contributions
efficacy scores and the use of teaching strategies. These results are presented
for Phase 1 in 5.2.5 and Phase 2 in 5.3.5.
 Research Question 5: How do the changes in teacher self-efficacy relate to
their use of assessment strategies?
Based on results of the surveys, changes in use of assessment strategies were
calculated and while many increased, there was some decreases. Statisti-
cal correlations were conducted to determine the correlations between self-
efficacy scores and the use of assessment strategies. These results are pre-
sented for Phase 1 in 5.2.6 and Phase 2 in 5.3.6.
7.2 Contributions
This study is conducted in the context of the implementation and rollout of a
new CS curriculum at lower secondary level. The study measures teacher’s self-
efficacy to teach a CS curriculum at lower secondary level. The thesis makes four
key contributions to the fields of CS professional development programmes for
secondary school teachers.
1. This research contributes to the body of knowledge on measuring teacher self-
efficacy to teach a new CS curriculum in the context of a CS PD programme
in secondary schools, which is acknowledged as an under-researched area in
CS education research
Although for Phase 1 data statistical significance was only reported for the
Use of Technology score between the start and end of the PD programme,
Phase 2 teachers demonstrated a statistically significant self-efficacy increase
across three scores (UseTech, ProgScore and NonProgScore), indicating a
positive outcome for a PD programme designed to support the introduction
of a new CS curriculum in Ireland. While the findings are associated with
a specific CS curriculum, many of the learning outcomes can be mapped to
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CS curricula being used in other countries.
2. Results provide information on what aspects of the CS curriculum in ques-
tion are difficult and easy to teach, which feed into the PD design process
As part of the PD planning process and as part of the process for feed-
ing these research results in the PD planning process, this researcher made
recommendations regarding specific learning outcomes in March 2020.
3. This research investigates the correlation between teacher’ self efficacy to
teach a new CS curriculum and the use of teaching strategies in the classroom
While Phase 1 data only reported a statistically significant correlation be-
tween the use of technology score and the programming score with developing
computational thinking, Phase 2 data, reported a strong positive correlation
between the frequency of use of all teaching strategies and the use of technol-
ogy score, the programming score and the non-programming score, with the
exception of the programming score and the unplugged teaching strategy.
4. This research investigates the correlation between teacher’ self efficacy to
teach a new CS curriculum and the use of assessment strategies the classroom
While Phase 1 data only demonstrated a strong positive correlation be-
tween effective use of tools and technologies scores and their use of sharing
learning intentions, students reflecting on their learning and peer and self-
assessment strategies and the programming score with the use of peer and
self-assessment strategies, Phase 2 data demonstrated a strong positive corre-
lation between all three scores, the use of technology score, the programming
score and the non-programming score and all assessment strategies with the




The cohort for teachers in Phase 1 was quite small with only 17 matched pairs
of data. Also the timeline of measurement for the two Phases of research was
different. For Phase 1 it was a two-year period and for Phase 2 it was a one year
period. These limitations provided some constraints in terms of being able to
compare the two data sets.
However, even though it was outside the scope of this research study, COVID
curtailed year 2 of the Phase 2 PD programme in any case. While Year 2 of the
PD programme, instead of being delivered face-to-face with cover provided for
the attending teacher in their school, the PD was delivered online in the evenings.
Given the COVID situation faced by schools, teachers and pupils, and the ever
increasing time demands on teachers, one would expect a lower attendance level
for this phase of the PD programme.
The research study was also limited in terms of timing as it was conducted
within the timeframe dictated by the cycles of the PD programme.
7.4 Future Work
There is an extensive range of opportunities for future work in this field. As
we have seen in the literature, there is a dearth of research around teacher self-
efficacy in CS PD at secondary school level. Firstly, we must continue to capture
these self-efficacy measures so that they can feed into the design of future PD
programmes. Secondly, we must align studies, like this one, with standardised
validated studies so that we can compare and contrast findings. This study has
outlined aspects of the CS curriculum that were challenging and indeed these
results are aligned with findings in other studies, but it might be a good exercise
to try and do this mapping in a more formal way (even programmatically), so
that each country could demonstrate a mapping between national CS curricula
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to a generic international mapping for lower second-level education or students
aged 12-15. Thirdly, the next step in future work would be to progress to not just
measuring self-efficacy but also measuring actual teacher CS knowledge, and then
tracing these measurements back to the classroom in terms of student experience
and performance on summative assessments. Fourthly, we started to explore the
use of teaching and assessment strategies and its relationship to self-efficacy mea-
sures in this study. Clearly this is just a starting point and follow up interviews
with teachers around teaching and assessment strategies would provide us with






Coding in Action Survey Oct 2017 
Lero, the Irish Software Research Centre at the University of Limerick are conducting research on teachers 
experiences of a Continuing Professional Development (CPD) programme for the Junior Cycle Short 
Course in Coding. 
 
The intention of this project is to investigate the experiences of teachers rolling out the short course in 
coding at junior cycle level. The research focuses on the short course specification, tools/technologies and 
teaching and assessment strategies. 
 
The results of the questionnaire will be anonymized by the researcher and only generalized results will be 
produced. You are under no obligation to participate in this study. Not participating in this survey will not 
affect any outcomes/results of this course.  
 
The final date for completing this important survey is Wed 18th October 
 
Yours sincerely,  




I confirm that I have read the project information sheet and consent form, and am happy to 
provide my consent for this data to be used for the research purposes outlined. * 




2. Teacher Name * 
 
3. School Name *  
Mark only one oval. 
 
Learning Outcomes 
Below are the learning outcomes that are contained within the NCCA-developed short course in 
Coding. These learning outcomes describe the knowledge, understanding, skills and values students 






























      
 












Participant Information Sheet 
 
October 2017 
Dear “Coding in Action” Participant, 
 
I, Clare McInerney, based in Lero, the Irish Software Research Centre at the University of Limerick 
am conducting research, on Experiences of a Continuing Professional Development (CPD) 
programme for the Junior Cycle Short Course in Coding as Lero Education and Outreach 
Manager and as part of my PhD work.  
 
The intention of this research project is to investigate the experiences of teachers rolling out the short 
course in coding at junior cycle level. The research focuses on the short course specification, 
tools/technologies and teaching and assessment strategies. I am asking participants of the CPD 
programme Coding in Action to complete this survey about their experiences of the CPD programme. 
This will help us plan future CPD events for the Junior Cycle Short Course in Coding.   
 
If you are willing to participate in this research please click on this link: https://goo.gl/BpEci2 This 
will lead you to the survey.  
 
Confidentiality: 
The results of the questionnaire will be anonymized by the researcher and only generalized results 
will be produced. There are no risks involved in this study. All information gathered will remain 
confidential and used only for the purpose of this study. The information gathered will be stored 
safely with access only available to the investigator. You are under no obligation to participate in this 
study. Not participating in this survey will not affect any outcomes/results of this course.  
 
 
If you have further questions regarding this research please feel free to get in touch with either myself 
or my supervisors using the email addresses listed below. 
 
If you wish to contact someone independent, you may contact: The Chair, Faculty of Science & 






Investigator:      Supervisors: 
Clare McInerney (clare.mcinerney@ul.ie)  Prof. Mike Hinchey (mike.hinchey@ul.ie)  
       CSIS – 061 233607 
       Dr. Chris Exton (chris.exton@ul.ie)  
       CSIS – 061 202705 
 
 
S&EEC Eform  September 2016   
Participant Consent Form 
 
 
I, the undersigned, declare that I am willing to take part in research for the project entitled 
“Experiences of a Continuing Professional Development (CPD) programme for the Junior Cycle 
Short Course in Coding”   
 
 I declare that I have been fully briefed on the nature of this study and my role in it.  
 I have been given the opportunity to ask questions before agreeing to participate. 
 The nature of my participation has been explained to me and I have full knowledge of 
how the information collected will be used. 
 I fully understand that there is no obligation on me to participate in this study. 
 I fully understand that I am free to withdraw my participation at any time without having 
to explain or give a reason. 
 I am entitled to full confidentiality in terms of my participation and personal details.  
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   Email 
 
 
Dear “Coding in Action” Participant, 
 
Lero, the Irish Software Research Centre at the University of Limerick is conducting research, on  
Experiences of a Continuing Professional Development (CPD) programme for the Junior Cycle 
Short Course in Coding.  
 
The intention of this project is to investigate the experiences of teachers rolling out the short course in 
coding at junior cycle level. The research focuses on the short course specification, tools/technologies 
and teaching and assessment strategies.  
 
If you are willing to participate in this research please click on this link: https://goo.gl/BpEci2 This 
will lead you to the survey. You are under no obligation to participate in this study. Not participating 
in this survey will not affect any outcomes/results of this course.  
 
I have attached participant information and consent forms for your information. Thank you in advance 
for participating. If you have any questions please feel free to contact me or my supervisor (e-
mail: chris.exton@ul.ie). If you have any concerns about this study and wish to contact someone 
independent, you may contact: The Chair, Faculty of Science & Engineering Research Ethics 
Committee, University of Limerick, Limerick. Tel: 061 202802 
 
The final date for completing this important survey is Wed 18th October 
 








      

























Participant Information Sheet 
 
 
Dear “Coding in Action” Participant, 
 
We are involved in a study to conduct research on Experiences of a Continuing Professional 
Development (CPD) programme for the Junior Cycle Short Course in Coding. This information 
sheet will tell you what the study is about. 
 
The intention of this research project is to investigate the experiences of teachers rolling out the short 
course in coding at junior cycle level. The research focuses on the short course specification, 
tools/technologies and teaching and assessment strategies. We are asking participants of the CPD 
programme Coding in Action to complete this survey about their experiences of the CPD programme. 
This will help us plan future CPD events for the Junior Cycle Short Course in Coding.   
 
If you are willing to participate in this research please click on this link: 
https://forms.gle/dTgkmRF1Ccj9oBR88 to access the pre-CPD survey. 
 
This research is being conducted in collaboration with the JCT and will help inform the future provision 
of CPD for teachers.  
 
Confidentiality: 
The results of the questionnaire will be anonymized by the researcher and only generalized results will 
be produced. There are no risks involved in this study. All information gathered will remain confidential 
and used only for the purpose of this study. The information gathered will be stored safely with access 
only available to the investigator. You are under no obligation to participate in this study. Not 
participating in this survey will not affect any outcomes/results of this course.  
 
If you have further questions regarding this research please feel free to get in touch with either myself 
or my supervisors using the email addresses listed below. 
 
If you wish to contact someone independent, you may contact: The Chair, Faculty of Science & 




Investigator:      Other investigators: 
Clare McInerney (clare.mcinerney@ul.ie)  Prof. Mike Hinchey (mike.hinchey@ul.ie)  
       CSIS – 061 233607 
       Dr. Chris Exton (chris.exton@ul.ie)  




Participant Information Sheet 
 
 
Dear “Coding in Action” Participant, 
 
We are involved in a study to conduct research on Experiences of a Continuing Professional 
Development (CPD) programme for the Junior Cycle Short Course in Coding. This information 
sheet will tell you what the study is about. 
 
The intention of this research project is to investigate the experiences of teachers rolling out the short 
course in coding at junior cycle level. The research focuses on the short course specification, 
tools/technologies and teaching and assessment strategies. We are asking participants of the CPD 
programme Coding in Action to complete this survey about their experiences of the CPD programme. 
This will help us plan future CPD events for the Junior Cycle Short Course in Coding.   
 
If you are willing to participate in this research please click on this link 
https://forms.gle/AGovjZoDf8AR4wwZ9 to access the post-CPD survey. 
 
This research is being conducted in collaboration with the JCT and will help inform the future provision 
of CPD for teachers.  
 
Confidentiality: 
The results of the questionnaire will be anonymized by the researcher and only generalized results will 
be produced. There are no risks involved in this study. All information gathered will remain confidential 
and used only for the purpose of this study. The information gathered will be stored safely with access 
only available to the investigator. You are under no obligation to participate in this study. Not 
participating in this survey will not affect any outcomes/results of this course.  
 
If you have further questions regarding this research please feel free to get in touch with either myself 
or my supervisors using the email addresses listed below. 
 
If you wish to contact someone independent, you may contact: The Chair, Faculty of Science & 




Investigator:      Other investigators: 
Clare McInerney (clare.mcinerney@ul.ie)  Prof. Mike Hinchey (mike.hinchey@ul.ie)  
       CSIS – 061 233607 
       Dr. Chris Exton (chris.exton@ul.ie)  
       CSIS – 061 202705 
 
   Email 
 
 
Dear “Coding in Action” Participant, 
 
Lero, the Irish Software Research Centre at the University of Limerick is conducting research, on  
Experiences of a Continuing Professional Development (CPD) programme for the Junior Cycle 
Short Course in Coding.  
 
The intention of this project is to investigate the experiences of teachers rolling out the short course in 
coding at junior cycle level. The research focuses on the short course specification, tools/technologies 
and teaching and assessment strategies.  
 
If you are willing to participate in this research please click on this link: 
https://forms.gle/dTgkmRF1Ccj9oBR88 to access the pre-CPD survey. 
 
You are under no obligation to participate in this study. Not participating in this survey will not affect 
any outcomes/results of this course.  
 
I have attached participant information sheet for your information. Thank you in advance for 
participating. If you have any questions please feel free to contact me (clare.mcinerney@ul.ie) or my 
supervisor (e-mail: chris.exton@ul.ie). If you have any concerns about this study and wish to contact 
someone independent, you may contact: The Chair, Faculty of Science & Engineering Research Ethics 
Committee, University of Limerick, Limerick. Tel: 061 213471 
 














   Email 
 
 
Dear “Coding in Action” Participant, 
 
Lero, the Irish Software Research Centre at the University of Limerick is conducting research, on  
Experiences of a Continuing Professional Development (CPD) programme for the Junior Cycle 
Short Course in Coding.  
 
The intention of this project is to investigate the experiences of teachers rolling out the short course in 
coding at junior cycle level. The research focuses on the short course specification, tools/technologies 
and teaching and assessment strategies.  
 
If you are willing to participate in this research please click on this link 
https://forms.gle/AGovjZoDf8AR4wwZ9 to access the post-CPD survey.  
 
You are under no obligation to participate in this study. Not participating in this survey will not affect 
any outcomes/results of this course.  
 
I have attached participant information sheet for your information. Thank you in advance for 
participating. If you have any questions please feel free to contact me (clare.mcinerney@ul.ie) or my 
supervisor (e-mail: chris.exton@ul.ie). If you have any concerns about this study and wish to contact 
someone independent, you may contact: The Chair, Faculty of Science & Engineering Research Ethics 
Committee, University of Limerick, Limerick. Tel: 061 213471 
 











11 Strand 1: Computer 
science introduction
Learning outcomes
Students learn about Students should be able to 
My digital world: 
The importance of computers in 
modern society and my life
1.1 present and share examples of what computers are 
used for and discuss their importance in modern 
society and in their lives
1.2 describe the main components of a computer system 
(CPU, memory, main storage, I/O devices, buses)
1.3 explain how computers are devices for executing 
programs via the use of programming languages
Being a coder−step by step:
How to start programming and to 
develop basic algorithms
1.4 develop appropriate algorithms using pseudo-code 
and/or flow charts
1.5 write code to implement algorithms
1.6 discuss and implement core features of structured 
programming languages, such as variables, operators, 
loops, decisions, assignment and modules 
1.7 test the code





12 Strand 2: Let’s get 
connected
Learning outcomes
Students learn about Students should be able to 
Making connections: 
Computers are communication 
devices 
2.1 discuss the basic concepts underlying the internet 
2.2 describe how data is transported on the internet and how 
computers communicate and cooperate through protocols
2.3 explain how search engines deliver results 
2.4 build a website using HTML and CSS to showcase their 
learning
Bits and bytes:
How computers store data
2.5 explain how computers represent data using 1’s and 0’s
2.6 investigate how drawings and photos are represented in 
computing devices
Real world problems: 
Computer science inspiring me
2.7 identify a topic or a challenge in computer science that 
inspires them
2.8 conduct research on the topic/challenge
2.9 present a proposal for discussion and reflect on feedback





13 Strand 3: Coding at 
the next level
Learning outcomes
Students learn about Students should be able to
Being a coder: 
More advanced concepts 
in programming and 
computational thinking
3.1 creatively design and write code for short programming 
tasks to demonstrate the use of operators for assignment, 
arithmetic, comparison, and Boolean combinations
3.2 complete short programming tasks using basic linear data 
structures (e.g. array or list)
3.3 demonstrate how functions and/or procedures (definition and 
call) capture abstractions
3.4 describe program flow control, e.g. parallel or sequential flow 
of control – language dependent
Documenting the code: 
Documentation and code 
analysis
3.5 document programs to explain how they work
3.6 present the documented code to each other in small groups
3.7 analyse code to determine its function and identify errors or 
potential errors
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